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ABSTRACT 
The research programme has been concerned with the synthesis 
and rearrangement of 1, 1-dibromocyclopropanes obtained by the addition 
of dibromocarbene to a number of olef'ins, including mono and dimethyl 
substituted styrenes and methyl, ethoxy and aryl substituted dihydro-
naphthalene s. 
When passed through a flow system at elevated temperatures 
(250-4500C) and reduced pressure (< 0.01 mmHz) the cyclopropanes 
underwent various unimolecular rearrangements. 
The 1, 1-dibromo-2-phenylcyclopropanes decomposed with loss 
of one molecule of hydrogen bromide to form the corresponding conjugated 
bromo, phenyl substituted butadienes which in some cases underwent 
ring closure to form a dihydronaphthalene, which lost hydrogen, to form 
a substituted naphthalene. 
The 2, 3-benzo-7, 7-dibrornobicyclo[4, 1, Ojheptenes also decomposed 
with loss of hydrogen bromide to form 1 2-benzo-4-bromocyclohepta- 
1, 3, 5-trienes and those with a C-I methyl substituent also gave 1, 2-
benzo-4-bromo-3 -methylenec yclohepta- 1, 4-diene s. 
The 1, 2-benzo-4-bromocyclohepta- 1,3, 5-trienes with a C-7 
hydrogen atom undergo [i, 5] hydrogen shifts to form 1, 2-benzo-6-bromo-
cyclohepta-1, 3, 5-trienes which rearranged further via ring closure to 
norcaradienes to form 1-vinylnaphthalenes or l-naphthaldehydes. 
The 1, 2-benzo-4-bromo- 7, 7-dimethylcyclohepta- 1, 3, 5-triene s 
underwent rearrangement to 1, 2-benzonorcaradienes which further 
rearranged to form 1, 2-benzo-6-bromo-3-isopropenylcyclohexa-1,4-
dienes and then 3-bromo-1-isopropenylnaphthalenes. A number of other 
rearrangements also occurred which are less well understood. 
The role of the different substituents on the reaction pathway was 
studied and the mode of formation of the products is discussed. 
Some of the benzocycloheptatriene products were studied by n. m.r. 
spectroscopy . under variable temperature conditions, to determine the 
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1.1 	Synthesis of Saturated Cyclopropanes 
In 1876 Victor Meyer ' expressed his doubts concerning the 
possibility of the existence of cyclopropane, with referenceto previous 
2 
work on the reaction of sodium with 1, 3.-dibromopropane (1). He 
suggested that the product of this reaction was prop-.1-ene. However, 
in 1882 Freund 3 showed that the product was, in fact, cyclopropane (2). 
During the following century numerous methods were devised 
for the synthesis of cyclopropane and its derivatives. Consequently, 
the following summary of methods of synthesis dwells mainly on those 
aspects which are relevent to the work which is described later. The 
methods of synthesis fall conveniently into two broad categories. 
1. 1. 1 	Cyclopropane synthesis by the cyclisation of a three carbon 
unit 
One. of the simplest routes follows from the work o(Freund 
and involves the elimination of halogen from.dihalides and haloethers. 
This can be induced by metals such as sodium, zinc 	or ma gne sium9 -10 
by peroxides '1 or base. 12 
For example, magnesium will react with 1, 3-dibromopropane 
derivatives to form Grignard reagents, which, on heating in solution at 
between 100 and 140 °C will cyclise to form substituted cyclopropanes. 
6-Bromoethers will react in a similar manner. 	Per oxide s 1 have been 
used to eliminate iodine.from 1, 3-diiodopropane, to form cyclopropane in 
good yield. Sodium ethoxide 12 has been used with diethyl malonate and 
1, 2-dibromoeth ane (3) to prepare 1, 1-dicarbethoxycyclopropane (4). 
Cyclopropanes can also be prepared by the action of base on 
compounds possessing an activated methylene group gamma to a good 
leaving group. Suitable leaving groups are halide and tosyl 13 , tr'imethyl-
amine 14 and dimethyl sulphide) 5 Thus 1, l-diphenylcyclopropane (6) has 
been prepared from the sulphonium iodide (5). 
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esters or nitriles16  followed by cyclisation has been foud to give 
cyclopropane in which the polar groups are arranged cis. Pentavalent 
17 
phosphorus compounds have also been used together with epoxides' 18 
19 
or olefins to form substituted cyclopropanes. Thus bicyclo[4, 1,01- 
heptane (8), norcarane, was prepared from epoxide (7). 
20 21 22 	23 
The instability of pyrazolines to light ' ' and heat has 
24 
been used as a source of cyclopropanes. The photolytic decomposition 
25 
involves an excited singlet diradical whereas the thermal decomposition 
involves a ground state singlet diradical. Pyrazoline (9) itself yields 
C yclopr Opafle. 
1. 1. 2 Cyclopropane synthesis by the cycloadd'ition of carbenes or 
carbenoids to olefins 
Syntheses of this type, which provide good routes to dihalo-
cyclopropanes, have arisen in part from attempts to obtain evidence for 
the exigence of carbenes. 
In 1862 Geuther 
26 
 suggested that dichiorocarbene was an 
intermediate in the alkaline hydrolysis of chloroform. This reaction 
was much studied 
27-31 
 in the following years with most of the workers 
agreeing that the presence of carbonmonoxide as a product of the reaction 
inferred the presence of dichiorocarbene. The investigations of 
Sakamoto 
32, 
 Oliver and Weber 33 
	 34 
and Hughes suggested that there was 
a fast reversible formation of the trichioromethyl anion, followed by 'a 
unimolecular decomposition to dichiorocarbene and chloride ion. 
35 
However it was not until Hine, 	in 1950, accomplished a 
careful kinetic and mechanistic study that evidence was obtained to 
eliminate some of the other possible mechanism. As part of his 'investi-
gation, Hine attempted to trap dich].orocarbene using sodium thiophenolate 
36 
and it was this that led Doering and Hoffmann to trap dibromo and 
dichiorocarbenes with cyclohexene forming 7, 7-dibromo and 7, 7-di-
chioronorcaranes11, thus also providing a synthetic route to dihalo-
cyclopropanes. They had chosen this olefin because Doering and Knox, 
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source of methylene, in cyclohexene yielded norcarane (8). 
Doering and Hoffmann 
36 
 used potassium t-butoxide to generate 
the dichiorocarbene from chloroform and they found that 1, 1.-dichioro-
2, 2-dimethylcyclopropane (12) was formed as well as the 7, 7-dichioro-
norcarane. This was not surprising since Hine 37 had shown that, under 
the reaction conditions, isobutylene was formed by dehydration of the 
butanol present, the cyclopropane (12) resulting from dichiorocarbene 
addition to isobutylene. 
During the course of formation of the carbene, using alkoxide as 
base, the corresponding alcohol is formed, leading to a reduction in the 
yield of addition to the reactant olefin. Hindered alkoxide bases give 
the best yield of product. 
Skell and Garner showed that the addition of dibromocarbene 
to either cis or trans-but-2-ene (13) or (14) was stereo specific and two 
mechanisms were postulated 39 for the reaction. (a) A concerted addition 
in which the two bonds were being formed simultaneously, or (b) a bi-
radical process in which the bond angles and lengths were correct before 
cyclisation and in which t must be less than iolO - 1013 s to retain 
stereo specificity. (Fig. 1. Studies 4° of the relative rates of olefin-
dichlorocarbene reactions showed no correlation with olefin- trip hioro-
methyl radical reactions as would have been expected if mechanism (b) 
was operating. Relative reactivities of olefins towards dibromocarbene, 
however, correlated well with results obtained for the same sets of 
olefins involved in other forms of three centre association, for example, 
epoxidisation and bromination. The olefin reactivity increased along 
the series, RCH=CHR < R 2  = CH2 < RCH = CR2 < R2C = CR2 , the 
carbene showing significant electrophilic character. Mechanism (a) 
was therefore preferred. 
Skell and Garner 
41 
 described dthalocarbene as existing in a 
singlet ground state, with the 2s and Zp orbitals of the carbon hybridised to 
2 
form three sp orbitals and leaving one unhybridised p orbital (pz). The 
two halogen atoms form sigma bonds with two of the sp 2 orbitals and the 
other sp2 orbital contains the two other electrons belonging to the carbon• 
atom, the pz orbital remaining vacant. (Fig. 2). It is probable that a 






























the vacant pz orbital of the central carbon atom . 	 Overlap of 
the lone pairs on fluorine atoms appears to be more effective than that 
from chlorine atoms. This results in dilluorocarbene being much more
46 
stable than dichiorocarbene. 	Thus do singlet ground state halocarbenes 
have both substituents, the central carbon atom and the lone pair of 
electrons in the same plane. 
Methylene has a singlet ground state and orbital symmetry control 
over the addition of methylene to ethylene has been demonstrated by 
Hoffmann 
47 
 and Caser'io. 	This is analogous to the addition of d'ihalo- 
carbene to an olefin. The Zimmermann Dewar method of determining the 
path of a reaction also shows that singlet carbene can add to a double bond 
in a concerted fashion. Fig. 3. In the figure the transition state involves 
four electrons and has one node or involves two electrons with no nodes. 
The reaction 'is, therefore, allowed. 
Hence, 'if dihalocarbene can be generated then cyclopropanes can 
be prepared. As has already been mentioned dihalocarbenes may be 
generated by the action of an alkoxide bn on haloform but this is only one 
of the many ways by which the carbene can be generated. 
Less reactive olef -ins can be used 'if the carbene is generated by 
the action of aqueous sodium hydroxide on chloroform. Makosza and 
Wawrzniewicz 4 ' found that the yield of some dichiorocyclopropanes, 
prepared by this method in the presence of the olefin, could be improved 
by the addition of catalytic amounts of tr'iethylbenzylammonium chloride 
(TEBA). Apart from the 'increase in the yield, equ'imolar amounts of 
chloroform and olefin could be used, allowing the less reactive olefins to 
participate rn 	
50,51 	 52 
good yield. 	Makosza 	later found that the yield of - 
product using TEBA could be improved (10-30%) by the addition of small 
53 
amounts of ethanol to the reaction mixture. Later work indicated that 
TEBA was not the most efficient catalyst and other cationic micellar 
agents were found to-work at a lower concentration, for example, cdyl 
trimethyl ammonium chloride (CTA). Use of CTA allowed the 9, 10- 
adduct of phenanthrene (15) to be prepared 54. This was previously unknown. 
- 	A valuable route which does not employ base was developed by 
5 
Seyferth 55 who prepared 7, 7-dichioronorcarane by heating trichioro-
methyiphenyl mercury (16) in benzene at 800  for 48 h. During the course 
of the reaction phenylmercuric chloride (17) was precipitated. When 
the bromodich]oio derivative (18) was used only phenyl mercuric bromide 
(19) was extruded and the reaction time was cut to two hours. Similarly 
dibromochloromethylphenyl mercury yields only the addition products 
derived from bromochlorocarbene. By this method relatively unreactive 
olefins such as acrylonitril.e or trans- stilbene can participate in an addi-
tion reaction with halocarbenes to form cyclopropanes which can not be 
formed by the älkoxidé or base catalysed routes. Thus the 1, 1-dichioro-
cyclopropane (21) can be prepared from acrylonitrile (20). 
Alkyl lithium compounds have been used to prepare dichioro-
carbene - by the action of al kyllithium on bromotrich1oromethane 6 and 
difluorocarbene by the reaction with dibr omodiflu or ome than e. 	An 
improved yield of product can be obtained 58 by using the alkyl amide (22) 
and chiorophenylmethane. 
Seyferth59 found that iodomethylzinc iodide reacted with olefins, 
60 	 61 
in ether, to produce cyclopropane. Further investigations showed 
that the reaction did not proceed by free methylene but rather by a bi-
molecular transfer between the zinc compound and the olefin. 
1. 2 	Bonding and Structure of Cyclopropanes 
Bonding in cyclopropanes is of interest due to the fact that their 
reactions exhibit chemical behaviour somewhere between that of alkanes 
and alkenes. When halogenated in the presence of light, oxygen or acid 
they can yield 
62 
 both addition and substitution products, and vinyl cyclo-




 bonds can be readily cleaved by the action of heat, light, 
base, 
66 
 sodium in liquid ammonia 
67 
 or protonated solvents. 68 
There have been two main approaches to the concept of bonding 
in cyclopropanes. 
In 1949 Wa1sh6 suggested that cyclopropane could be viewed as 
2 an equilateral triangle in which each carbon atom had about it three sp 
f:Lg.4. 
>ç < 
(2 2' ) 	Li 
Walsh Model 
with sigma bonds 
omitted - 
fig.5. 





orbitals and one p orbital. Two of the sp orbitals are used to form 
O- type bonds to the hydrogen atoms while the remaining sp 2 orbital 
and the one p orbital, which are coplanar, are used to form the carbon-
carbon bonds of the ring. (Fig. 4.) The three p orbitals overlap 
round the outside of the ring and consequently give rise to two bonding 
orbitals and one antibonding orbital. The three sp 2 orbitals overlap in 
the middle of the ring and give rise to one bonding and two antibonding 
orbital s. Although this representation  indicates the possibility of 
addition rather than substitution reactions it appears to suggest a maximum 
of electron density in the middle of the ring, although it does not in fact 
mean this as the hybridised orbitals will interact with each other in a 
bonding and an antibonding manner. 
Coulson and Moffitt, 
70 
 in the same year, suggested that an 
alternative picture could be achieved by applying the valence-bond perfect 
pairing approximation and minimising the energy of the bonds formed. 
This was a mathematically more complicated model, the carbon-carbon 
bonds were calculated to be sp4AZ  and the carbon-hydrogen bonds to be 
2. 28 
sp 	hybridised. The angle between the carbon-carbon bonds was 
0
i
. 	 0 
calculated at 104 , which s a bond which deviates 22 away from the 
idealised 60
0
of an equilateral triangle. Coulson and Goodwin 
71 
 re-
calculated these values, by maximising the overlap, and found the bonds 
to be bent at 21
0 
 26' away from 60
0
. Rqndic and Maksic 72 also repeated 
the calculations, this time introducing a scale factor to take into con-
sideration the fact that carbon-carbon and carbon-hydrogen bonds are 
not of the same energy. They found the optimum configuration to be 
that in which the orbitals forming the carbon-carbon bonds were sp 5 
hybridised and those forming the carbon-hydrogen bonds were sp 2 
hybridised. This results in a bend in the bond of 20 ° 46'. (Fig. 5.) 
Bernett73 in 1967 showed that mathematically the two models were 
equivalent, although they were conce:ptually different, and that the bent-
bond model can be transformed into the molecular orbital model. X-Ray 
diffraction studies 74 showed that, at least for 2, 5-dimethyl-7, 7-dicyano-
norcaradiene the bonds were bent, the angle of maximum overlap being 
° at 20 to a line joining the carbon nuclei. 
> 	 400-500 
(23) 
















- 	 7 
1 3 	Rearrangements and Decompositions of Cyclopropanes 
1,3. 1 Pyrolysis of Non Halogenated Cyclopropanes. 
(a) Monocyclic Systems 
0 75 
The pyrolysis of cyclopropane at 400-500 C yields propylene 
(23). 
Chambers and Kistiakowsky 6 postulated two distinct mechanisms 
for the reaction, (a) the homolysis of a carbon-carbon bond to form a 
trimethylene d -iradical followed by a hydrogen migration, or (b) a direct 
isomerisation according to the 1, 2-unsaturation principles of Kassel. 
Frey and Marshall 
77 
 studied the isomerisation of cis-1, 2,3-
trimethy1cyclopropane (24). They found that thermally it underwent a 
reversible cis-trans isomerisation together with a structural rearrange-
ment to Z and E 3-methylpent-2-ene (25) and (26) in about equal amount. 
As a result of this, and other observations of isomerisations78' 79,80 
and racemisations, 
81,82 
 sometimes occurring together with structural 
rearrangements, and the assumption that both types of product are formed 




 using cis and trans 1-methyl-2-trideuteriomethyl-
cyclopropane to study isomerisations in cyclopropane, found that his 
results suggested more than one mechanism must be operating. 
Attempts were made to trap the diradical 84 or to force it to 
dimerise by use of high pressure (300 At) 
85, 
 but neither were successful. 
This indicated that the diradical, if it does exist, has a very short lifetime 
-13 
of less than 10 	S. 
Vinyl cyclopropane 27 
86 
 thermally rearranges to form cyclo-




and Frey suggested, from a kinetic study, that the process was con-
certed. This is in agreement with the suggestion of Wellington 89 that 
the electrons of the vinyl group and the cyclopropane were -interacting -in 
the transition state. This also agrees with the sp 5 hybridised model, 





(31) 	 (32) 
(33) 	 (34) 
(35) 
> (C 
r=O 	 (40) 	r=0 
r=1 (41), r=1 
a vinyl subst'ituent conjugating to the ring. (Fig. 6.) 
Further work 
91 
 added weight to the concerted mechanism theory 
by showing that trans- l-cyclopropylbut-1-ene (29) thermally rearranges 
to form 3-ethylcyclopentene (30). 
2,93 9 
However W'illcott and Gargle , 	working on deuterated vinyl 
cyciopropane concluded that their results were not consistent with a 
concerted process, but rather with the tr'imethylene dirad'ical of"simple" 
cyclopropane rearrangements. 
(b) Bicyclic Systems 
Bic yclo[2, 1, 0]pentane (3 1 ) rearranges 94 at 330° to form 
cyclopentene (32). A careful. study 
95 
 of th'is reaction indicated that 
there was ring cleavage of the C-4 to C-i bond and migration of a 
hydrogen atom from C-S. 
The thermal rearrangement 96 of b'icyclo[3, 1, 0]hexane (33), by 
vapour phase pyrolysis, in the range 418 to 491 ° results 'in the formation 
of cyclohexene (34) and 1-methylcyclopentene (35). 
Sp'iropentane (36) rearranges between 360 and 410 0 to form 
97 
methylenecyclobutane (37). 	Allene, ethylene and 1-methylcyclobut-i- 
ene are also formed but in relatively small yield (< 10%). 
To 'investigate further the trimethylene diradical mechanism for 
cyclopropane rearrangements, Baldwin and Greystcn 
98
showed that 2,4-
dehydroadamantane (38) and 2, 4-dehydrohomoadamantane (39) smoothly 
rearrange in aO +c3 process to form protoadamantene (40) and 
hornoadamantene (41). These compounds were used as they could not 
readily achieve the conformation of a 'free' trimethylene d'irad'ical. 
Carbon-13 labelling experiments showed both {(C-C)(H-ç)} and [(c-c)! 
(C-C)] rearrangement modes. This shows that the mechanism is not that 
of the diradical. The workers suggest, 
99
on the basis of some earlier 
work by Hoffmann1 
10, 
 that a possible concerted mechanism can be 
envisaged as follows. If thermal excitation can cause one of the bonds, 
of the cyclopropane, to become elongated and the opposite bond angle to 
widen then the long bond may be able to act as an as symmetric two electron 
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having similar energies. This bond can now cleave in a concerted 
cycloreaction with a suprafacial stereochemistry. This mechanism 
will not allow the epimerisations noted earlier. Consequently, the 
authors suggest that this mechanism may be present in some cases 
but only as an independent competitive process. 
Norcaradiene and its derivatives, which, although formally, 
fall into this section, are discussed later in view of their characteristic 
behaviour. 
1.3. 2 	Pyrolysis of Halogenated Cyclopropanes 
(a) 	Monocyclic Systems 
Baird and Rese 
01 
 found that when each of the isomeric 1-
bromo-2, 3 -dim ethylcyclopropanes (42), (43) and (44) were heated in 
lepidine at 185
0 
 the product was trans-penta-1, 3-diene (45). The order 
of reactivity was found to be (43) > (44) > (42). 
This result is not consistent with a concerted loss of hydrogen 
bromide and from the order of reactivity it appears that steric com-
pression of the intermediate ion, rather than ring strain is the determining 
factor in the energy of the transition state. The results are consistent 
with the intermediate being the allyl carboniuni ion. Note however 
that the solvent lepidine would help to stabilise this intermediate ion, 
being polar itself. 
If the reaction was concerted the ring cleavage would be dis-. 
rotatory and would lead to both ads and trans product from ring opening 
of cyclopropanes (42) and (43), (fig. 7), but the cis product would be 
sterically unfavourable due to the methyl groups coming together in the 
transition state. 
An alternative but less favourable route can be proposed for 
cyclopropane (42) to give the same product. This is shown in figure 8 
for the dibromide and is a concerted loss of hydrogen bromide together 
with ring cleavage and rearrangement to form trans-penta-1, 3-diene (45). 
Similarly when the isomeric 1, 1- dibromo- 2, 3- dimethylcyclopropanes 
(46) and (47) were heated in lepid'ne at 185 ° , cis or trans 3-bromopenta-
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The observed reactivity was that compound (46) rearranged 
faster than compound (47). The authors suggest that this is consistent 
with a disrotatory ring opening by an allyl'ic cation as described above, 
fig. 7. Again the use of lepidAne would help to stabilise this route. 
Nerdel°? have reported that on preparing 1, 1-dibromo-2-
methyl-2-phenylcyclopropane (Al) a fraction corresponding to 2-bromo-
3-phenyibuta- 1, 3-diene (AZ) was obtained. It is not possible to distinguish 
between mechanisms analogous to those described above and possible 
base catalysed mechanisms for formation of the product as both would 
form the observed product. 
Sandier, 
103 
 however, pyrolysed cyciopropane (Al) at 195 0 under 
nitrogen and obtained Z- and E- 1, 2-dibromo-3-phenylbut-2-ene (A4), 
in 87% yield. 
He also thermolysed 1, 1-dibromo-2-phenylcyclopropane at 
170-180° for 4.1 h, 1,1-dibromo-2,3-dimethylcyclopropane at 1.95-210 ° 
for 3 h and obtained the corresponding allylic dibromides. However 
when 1, 1-dibromo-Z, 2, 3, 3-tetramethylcyclopropane (48) was thermolysed 
at 160-167 ° for 2.5 h the decomposition product 3-bromo-2,4-dimethyl-
penta- 1, 3-diene (49) was formed. No mechanism was suggested for. the 
formation of these products. 
(b) Polycyclic Systems 
Monohalobicyclic compounds have been shown thermally to 
undergo ring expansion reaction-s. However, unlike the monocyclic 
systems, there is a very marked difference in the reactivities of the 
exo and endo structures of related compounds. 
Endo-6-chlorobicyclo[3, 1, O]hexane (50) was thermolysed 104 at 
126
0 
 'in a sealed tube, for 3 h. The product was 3-chlorocyclohex-l-
ene (51). The exo 'isomer (52) was stable up to 300 0 when it underwent 
an elimination to form benzene. 
This stereospecificity is consistent with a d'isrotatory ring 
opening of the endo compound. However a d'isrotation process accom-
panied by loss of ci; in the case of the exo compound would lead to a 
trans double bond in the ring, which can not be formed, whereas 'in the 
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Andoetal 105 found the same stereo specificity in the thermolysis 
of endo and exo-7.-chlorobicyclo[4, 1, 0]heptane (53) and (54). The 
workers found that a mixture of the endo and exo isomers (1:1) when 
pyrolysed at 200 ° formed a mixture containing unreacted exo isomer 
(54) and cyclohepta-1, 3-diene (55) while the exo isomer when pyrolysed 
at 200
0 
 for 30 h was stable. 
Heterocyclic analogues do not exhibit the same  stereospeificity 
endo-Z-.oxa-7-chloronorcarane (56) was stable to heating106  at 175 ° in 
solution, while the exo isomer (57) reacts at 1400  to form 6, 7-dihydro-
oxepine (58). It is not clear why this difference occurs but a combina-
tion of factors, such as relief of strain, stabilities of intermediates, 
and anchirneric assistance, are suggested. A trans-double bond can 
be accommodated in an eight-membered ring, consequently Baird and 
Reese 
107 
 studied the thermal decomposition of endo and exo 8-br omobi-
cyclo[5, 1, O]octane (59) and (60). In a sealed tube the exo isomer (60) 
was found to react slowly at 2300  to form an unidentified major product 




When exo and endo 8-bromobicyclo[5, 1, 0]octane were heated in 
solution at 195 ° both isomers formed cis,cis-cycloocta-1, 3-diene (61) 
at similar rates with a slightly better yield from the endo isomer. 
Thus neither of the results from the bicyclo[5, 1, O]octane 
thermolysis are consistent with a direct concerted mechanism. 
A concerted reaction involving the exo isomer would be expected 
to form the trans, cis cyclooctene (62) or its valence tautomer bicyclo-
[4, 1, 0]oct-7-ene (63), but neither were found. 
Baird and Reese also found that endo 9-bromobicyclo[6, 1, 0]- 
0 
nonane (64) when heated in a sealed tube at 200 for 1. 5 h remained 
virtually unchanged (95%),  while the exo isomer (65) when similarly 
heated at 185 ° for 3. 5 h formed cis 3-bromocyclonona-1, 3-diene (66) 
in 90% yield. Both isomers in solution at 210-220
0 
 formed cis, cis 
cyclonona-1, 3-diene (67), with the exo isomer rearranging more readily. 
Again the exo 'isomer should form the trans,cis cyclonona-1, 3-diene 
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These result s lead to the conclusion that larger (>7) bicyclic 
systems are not subject to the same stereochemical controls as smaller 
rings. 
Dihalobicyclic systems have been the subject of many studies. 
In 1959 Wynberg 108 pyrolysed 7, 7-dichlorobicycio[4, 1, 0]heptane (68) 
at 5000  and found the products to be cyclohepta-1, 3, 5-triene and toluene 
( 57 %) in the ratio 1:1. 9, while the previous year Woods 
109 
 had shown 
that cyclohepta-1, 3, 5.-triene when pyrolysed at 478 ° gave toluene as the 
sole product. 




 in quinoline 
gave the heptadiene (70) and one molecule of hydrogen chloride. 
111 
Sonnenberg and Win stem 	found later that 6, 6-.d'ibromobicyclo-. 
[3, 1, O]hexane (71) readily rearranged to the ailylic dibromide, 2,3-
dibromocyclohex-1-ene (72) and was converted to 2-bromo-2-.cyciohexenoi 
(73) by aqueous silver nitrate or by boiling with aqueous acetone. When 
the allylic dibromide (72) was treated with aqueous acetone it was converted 
to the brornohydrin (73), but when it was treated with aqueous silver nitrate 
considerable quantities of the nitrate ester were also formed. This 
indicated that the reaction pathways were not the same in each case. 
Skeli and Sandier 
112 
 foind that the reaction of the bicyclohexane (71) with 
aqueous silver nitrate to form the bromohydrin (73) was two-hundred 
times faster than that of the analogous reaction of 7, 7-dibromonorcarane. 
This difference was thought to be due to relief of strain in the bicyclo- 
[3, 1, 0]hexane system. 
Bergman
113 
 found that the pyrolysis of 6, 6-dichlorobicyclo[3, 1,0]-
hexane (74) formed a similar allylic dichloride, 2, 3-dichlorocyclohex-1-
ene (75) at 225 0 , while 8, 8-dichlorobicyclo[5, 1, O]octene (76) was thermally 
stable and Baird and Reese
114 
 found that 9, 9-dihalogenobicyclo[6, 1,01-
nonane (77) thermally yields 2,3-dihalogenocyclonon-1-ene (78). 
Fleming and Thomas 115 pyrolysed both syn andanti 6, 6-dichioro-
3-methoxybicyclo[3, 1, 0]hexane (79), (80) at 160 0 and found the product 
from the syn isomer (79) to be cis 1, 6-dichioro_4_methoxycyclohex_1_ene (81 
and that from the anti isomer (80) to be trans 1,6-dichloro-4-methoxycyclo-
hex-1-ene (82). Both reactions are stereospecific and do not appear to depenc 
ID1 



























































on the polarity of the solvent. The writers suggest that the results 
can be rationalised by either a concerted ( 0_2 +o-') process or by an 
intimate ion pair mechanism. 
Moore and Ward 
116 
 found that the reaction of the dibromobicyclo-
[4, 1, O]heptane (83) with alkyl lithium gave the polycyclic systems (84) 
and (85) and not the cyclic allene (86). 
Parham, Soeder and Dodson 
117
studied the base catalysed 
decomposition of 7, 7-dichioro- 1 -ethoxybic yclo[4, 1, O]heptane (87), which, 
on treatment with pyridine gave 2-chlorocyclohepta-1,3-diene (88) and 
which on further heating with quinoline and potassium t-butoxide yielded 
l-ethoxycyclohepta-1, 3, 5-.triene (89). Following this work Parham, 
Soeder and Throckmorton
118 
 treated the dichiorobic ycloheptane (87) 
with sodium methoxicle and alcoholic silver nitrate and found that neither 
reagents produced any decomposition. Treatment with potassium t-
butoxide in dimethylsulphoxide did give 1-ethoxycyclohepta-1, 3, 5-triene 
(89) in 3. 3% yield and ortho methylphenetole (90) in 24% yield. They 
also found that treatment of 7, 7-dibromo-l-ethoxybicyclo[4, 1, 0]heptane 
with alcoholic silver nitrate gave Z-bromocyclohept-2-ene-l-one 
and with quinoline gave the cycloheptatriene (89). 
Parham, Reiff and Schwartzentruber 
119
have found that the 
decomposition of 2, 3-benzo-6, 6-dichloro (or dibrorno) bicyclo[3, 1, 0]-
hexane (93) and 2, 3-benzo-6, 6-dibromo-1-methylbicyclo[3, 1, 0]hexane 
(94) can be used to prepare the corresponding -ha1onaphtha1enes by loss 
of hydrogen halide. 
Brown and co-workers 120 , while studying the dehydrochiorination 
of 3, 4-benzo-7, 7-dichlorobicyclo[4, 1, O]heptene (95) using potassium t-. 
butoxide in tetrahydrofuran found that the type of product was very 
dependent on the strength of the base used. In high concentrations of 
base the cyclopropanaphthalene (96) predominates, while at low base 
concentrations 1,2-benzo-6-chlorocyclohepta-1,3,5-triene (97) pre-
dominates, while in dimethylsuiphoxide they are both formed in low 
yield with the t-butylether (98) forming the major product. The authors 
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evidence for this route has been established by Prest'ien and Gnther '2' 
who have found, using specifically labelled 12C-7, that the base catalysed 
decomposition of 7, 7-dichlorobicyclo[4, 1, 0]heptene (99) gives the benzo-
cyclopropane (100) with 12C-7 label. 
Sato et al 122 used the decomposition of 2, 3-benzo-7, 7-dibromo-
l-ethoxybicyclo[4, 1, 0]heptene (101) and 7, 7-dichloro--1-ethoxybicyclo- 
[4, l,O]heptene (102) to prepare 2, 3-benzotropone from 'a-tetralone. They 
used silver fluoroborate to form the 7 -halo geno-2, 3 -benzoc yclohepta- 
2, 6-d'iene-l-one (103) and then dehydrohalogenated it using lithium 
chloride 'in dimethyl formamide to form the 2, 3 -benzotropone (104). 
It was reported 123 that the action of silver nitrate on 7, 7-dichloro-
1-.ethoxybicyclo[4, 1, 0]heptane gave mainly starting material while a 
similar reaction on the 7, 7-dibromo compound gave 2-bromo-2-cyclo-
hepten-l-one, consequently, silver nitrate 'in methanol was used by 
Stewart 124 in an attempt to prepare the analogous ketone from 2, 3-benzo-
7, 7-dibromo- 6-ethoxy- 1 -methylb'ic yclo{4, I. 0}heptene (105). The product, 
however,' was found to be 1, 2-benzo-4-bromo- 5-methoxy-3 -methylc yclohepta-
1,3, 5-triene. 	 ' 
1.4 	Cycloheptatrienes and Norcarad'ienes 
Although it is possible to write any cyclohepta-1, 3, 5-triene as 
being 'in equilibrium with a norcaradiene, generally speaking, cyclohepta-
trienes with only simple sub stituents exist almost entirely in the mono-
cyclic form. 
1. 4, 1 Structure 
Electron diffraction 
125 
 studies show that cyclohepta- 1, 3, 5-triene 
exists in a boat form (106) and 'H n. m. r. studies 
126,127 
 show that only 
below-140°C do the methylene protons have individual signals. This is 
because the ring is inverting too rapidly above this temperature for two 
'individual protons to be distinguished by the spectrometer. 
Berson and Willcott 128 found that the activation energy for this 
'inversion was 5.7-6. 3 kcal mol. 
(106) 	 (106) 
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7, 7-Dicyano-1, 6-dimethylnorcaradiene (107) has been found 129 
by X-ray diffraction studies to be best described by a planar C 6 ring, 
with the cyclopropane ring at 73 ° to it, and the bonds 'in the cyclopropane 
bent outwards by an angle of 20 ° to a direct line joining the carbon atoms 
at the vertices of the triangle. 
This d'icyanonorcarad'iene can be considered to be at one end of 
a series of valence -tautomer s with unsubstituted cycloheptatriene at the 
other end and compounds such as 7-trifluoromethyl substituted compound 
somewhere 'in the middle. 
Ciganek13° has observed the 7-cyano-7-methy1cycloheta-1,3,5-
triene I 7-c yano- 7-methylnorcarad'iene equilibrium using nuclear magnetic 
resonance studies. 
For cycloheptatriene itself it has been found 
131 
 that the enthalpy 
change for the cycloheptatriene norcarad'iéne equilibrium is 11±4  kcal 
mol and that 
132 
 the activation energy is 3lkcal mol . However, at 
the temperature required to overcome this energy barrier proton migra-
tions can occur and are observed (see later). 
1. 4. 2 Relative Stabilities 
Thus it can be seen from the preceding section that if there 
exists in a ?lcyclohepta_l,  3, 5triene' either steric or electronic factors 
which favour the bicyclic form, it is possible to prepare a compound 
which is wholly in the norcaradiene form. 
133 
Buchner 	decomposed diazoacetic ester in naphthalène and 
obtained the 2,3-benzonorcaradiene (108), which would have to form the 
antiaromat'ic structure (109) as the first step in ring expansion to a 
cycloheptatriene. At higher temperatures this will take place followed 
by a rapid [1,5] hydrogen shift to form the benzocycloheptatrienes 
(110, 111). 
The opposite effect can also be seen 'in compounds such as the 
3,4-benzocyclohepta-1,3,5-triene (111)189  and the 1,2-benzocyclohepta-
triene (112) which exist almost entirely in the benzomonocyclic form, 
their norcaradiené forms (113) and (114) having an ant'iaromatic structure, 
which causes them to spontaneously rearrange to the cycloheptatrienes. 
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Similarly, dibenzonorcaradiene (115) has been found to be very 
stable towards isomerisation to the cycloheptatriene. 135, 136 and on 
heating it forms 9-methyiphenanthrene (116). 
The 1 Hn.m.r. spectrum 
137 
 of 2,3-benzonorcaradiene (117) 
shows two distinct signals for the geminal protons at room temperature, 
and one signal only when the compound is heated to 180 
0
C. This is 
thought to infer the presence of an equilibrium between the two norcaradiene 
forms (117) and (118) via the antiaromatic cycloheptatriene. 	The 
activation energy of 19.4 kcal mol ' is not very high considering the 
unfavourable electronic structure of the intermediate cycloheptatriene. 
Doering 
134 
 and Goldstein studied the interconversion of the sub-
stituted norcaradienes (119) and (120) to the bridged benzohexa- 1, 4-diene 
(121) and found that both isomers gave the same product. From this 
they concluded that an 'interconversion of the type (l17)± (118) 
must be occurring. 
The bridged [i.o] annulene (122) shows no evidence of valence 
tautomerism to the norcaradiene (123)138. The 'H n.m. r. spectrum 
of this compound shows only one sharp singlet at -0. 56 in the aliphatic 
region and eight protons between 6. 8 and 7. 56. This indicates a ring 
current which would not be present in the norcaradiene (123). 
- 	Steric effects can be seen 139 to be important in stabilising the 
norcaradiene (124) relative to the cycloheptatriene (125) as ring expansion 
to compound (125) would cause steric repulsion between the methyl groups 
and the benzo groups. The norcaradiene (124) is stable to heating at 
275°. 
As a conjugated diene, norcaradienes form Diels Alder adducts. 
Consequently, by studying the tendency of cycloheptatrienes to form 
140 
Diels Alder adducts 	- 	it can be inferred that even unsubstituted 
cyclohepta-1, 3, 5-triene is in equilibrium with a very small amount of 
norc aradiene. 
Cyclic systems with an accumulation of methyl groups have a 
tendency towards forming the equivalent bicyclic system144' 145 For 
example octamethylcyclooctatetraene (126) forms octamethylbicyclo-
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Criegee et al 
145 
 and Maier, 
146 
 therefore, studied heptamethyl-
cyclohepta -1,3, 5-triene (128) and found it existed mainly in the cyclo-
heptatriene form, although it did exhibit an enhanced reactivity towards 
Diels Alder additions relative to the unsubstituted molecule. 
Note, however, that conversion to the bicyclic system may only 
occur in the presence of the dienophile or other attacking agent. 147 
1. 4.3 Rearrangements 
There are several common rearrangement modes of reaction 
of c ycloheptatriene s: sigmatropic [1, 5]c arbon migrations; sigmatropic - 
[i, 5]hydrogen migrations and electrocyclic rearrangements involving 
the double bonds. 
(a) 	Sigmatropic[i, 5]carbon shifts and electrocyclic ring closures. 
The gas phase interconversion of cycloheptatriene 148 to toluene 
around-400
0 
 C has been studied and the activation energy was found to be 
.) 50 kcal mol . These results can be rationalised in terms of a dirad'ical 
mechanism (fig. 9). 
This is consistent with the observations of Harrison et al ' that 
7-methylcyclohepta-1, 3, 5-triene forms ethyl benzene when heated at 
650
0
. Berson and Willcott 15°  attempted to gain more information about 
the mechanism by pyrolysing 3, 7, 7-trimethylcyclohepta-1, 3, 5-triene 
(129) at 300° but instead found themselves dealing with a much more 
complex system. 
They found the products to be 3, 7, 7-trirnethylcycloheptatriene 
(129), 	2, 7, 7-trimethylcycloheptatriene (130), 1, 7, 7-trimethylcyclo- 
heptatriene (131), 3- and 6-isopropenyl-l-methyl-1, 4-cyclohexadiene 
(132) and (133) and meta and para cymene (134) and (135). 
1, 5-Deuterium labelling showed that in all the products C-i to C-6 
remained 'in the same order while C-7 was able to 'wander round' the 
C-i to C-6 skeleton and reattach between any adjacent pair of carbon 
atoms. AU the products were found to interconvert reversibly except 
foz the aromatic ones which appeared to be the thermodynamic termini 
of the reaction. 
I ig.1O. 













R= H 2 OH,CH 20H 
fig. 1 1. 
Y 
(142 ) 
(142 v ) X -CH 3  
Y =CO 2CH3 
IF 
The rearrangement could be envisaged as proceeding by the 
equilibria illustrated in Fig. 10. That is by nans of the norcaradienes 
(136) (137) and (138). However the evidence is not clear as to whether 
the norcaradiene interconversions are by a sigmatropic [1,5] carbon 
migration, which is symmetry allowed, or whether interconversion 
occurs via the [1,5] hydrogen shifted cyclohexadienes (132) and (133). 
Berson et al 15' then studied the much simpler rearrangement of 
7, 7-dicyano.-3-methylnorcaradiene (139) at 55 °C. At this temperature 
the molecule undergoes intramolecular carbon shifts and the drastic 
reduction in energy required is due to the loss of the cycloheptatriene/ 
norcaradiene interconversion, necessary in the 7, 7-dimethyl example. 
The main competing process to the circurnambulatory one is arornatisa-
tion, both occurring too rapidly to observe any significant cyano group 
shift. 
Berson 	comments that his results are consistent with a 
symmetry allowed direct norc aradiene /norcaradiene interc onver sion 
but does not rule out the possibility of another mechanism. 
Ohloff 153 has found that the pyrolysis of 3, 7, 7-trimethyl norcarene 
(140) at ca 5000  'in the gas phase gives specifically the E-product (141) 
for a range of substituents. 
* 	1rner, 154 at a later date, studied the stereochemistry of a 
degenerate norc aradiene rearrangement using optically active methyl-
2, 7-dimethylnorcaradiene-7-carboxylate (142). His results were not 
consistent with a symmetry allowed process which would proceed with 
retention at C-7 but with a least motion process, which proceeds with 
inversion at C-7. The results were also stereospecific consequently 
this appears to be one of the examples of a concerted symmetry forbidden 
process. (Fig. 11). 
However although this compound (142) reacts by a symmetry 
disallowed process, as does the 7-carbonitrile-2, 7-dimethyl analogue, 
the presence of unsaturation in the carbon- 7- substituent could affect the 
mode of reaction and is therefore not yet directly comparable to the 
purely alkyl substituted molecule. 	 ' 






fig. 12. 	 Ha 	Hb 
x x 9 
19 
(b) 	Sigmatropic [1,5] hydrogen migrations. 
[1,5] Sigmatropic migrations in cyclohepta.-1, 3, 5-trienes have 
been extensively studied, 
155,156,157 
 and it has been found that the rate 
of migration of substituents from C-7 is dependent on the nature of the 
other groupon C-7, X. The migratory aptitudes of hydrogen decreases 
along the sub stituent sequence NMe 2>OMe>C 6 H5>CN>SMe>Me>H. In 
158 
general, the effect of halogens is to slow down [1,5] hydrogen shifts 
in the sequence H>C1>Br>I. This can be rationalised by the assumption 
that there are localised positive charges in the transition state for the 
migration and as yet halogens are the only substituents which have been 
found to retard sigmatropic migrations. 
The migration of groups other than hydrogen has been observed. 
The methoxyl group has been reported 
159 
 to migrate in a [1, 5] sigmatropic 
manner in 7, 7 -dime thoxycyclohepta-i, 3, 5-triene and halogens have been 
reported 
160 
 to similarly migrate in 1,2,5, 6-dibenzo-7, 7-dichiorocyclo-
hepta-1,3, 5-triene (143) to form 1, 2 1 4,5-dibenzo-3,7-dichlorocyclo-
hepta-1,3, 5-triene (144) but 7, 7-dichlorocyclohepta-1,3,5_triene (145) 
and 1, 2-benzo-7, 7-dichlorocyclohepta-1, 3, 5-triene (146) do not exhibit 
chlorine migrations unless one of the chlorine atoms is replaced by a 
161 	 162 
phenyl 	or a methyl 	group. 
A carbon atom attached to a cyclohepta-1, 3, 5-triene ring will 
tend to occupy either a pseudo axial or pseudo equatorial position. 163,1 55 
A group in a pseudo axial position is more likely to participate in a cyclic 
transition state than the same group in a pseudo equatorial position. 
Thus 
164 
 in the compound 7-phenyl-cyclohepta-1, 3, 5-triene the hydrogen 
will migrate in preference to the phenyl group, which being bulkier, will 
occupy a pseudo equatorial position. 
Substituted165' 
166 
 and unsubstituted benzonorcaradienes have 
1 
been prepared. All show very marked high field H n. m. r. resonances 
for the endo-protons or for endo methyl groups on C-7. These groups 
must, therefore, lie in the shielding region above the diene system and 
above the aromatic ring. (Fig. 12). 
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2. 	The Object of the Research 
On reviewing the literature it was apparent that very few studies 
had been made of the vapour phase pyrolyses of dihalocyclopropanes in 
comparison to the work reported on their solution phase reactions. Since 
the polarity of the solvents used seemed to be important in determining 
the mode of reaction it was decided to study the vapour phase pyrolyses 
of some phenyl substituted dibr omoc yclopr opane s. 
It was thought that fusing the dihalocyclopropane into a bicyclic 
system could lead to interesting products and this ledto the study of the 
2, 3-benzo-7, 7-dibromobicyclo[4, 1, O]heptenes. Some of the products of 
these pyrolyses were found to be cycloheptatrienes and it was decided to 
study their n. m. r. spectra under variable temperature conditions in 
order to find the effect of differing sub stituents on the activation energy to 
ring inversion of the seven membered ring. 
During the course of these studies it was thought that some of the 
products of the vapour phase pyrolyse s might themselves be undergoing 
vapour phase rearrangements, consequently some of the products were 
pyrolysed in the vapour phase. 
The Dibromocarbene Adducts 
Compound 	 Ri 	 RZ 	 R3 
Al CH  H H 
B1E H CH H 
B1Z H H CH 
Cl CH  CH H 
Dl H CH  CH  
El -CH 2CH 2 - CH  - H 
11 CH2CH 2CH2 Q-Bz H H 
G H H H 
G2 Ph H H 
Hi H H H 
Ji C H 3 H H 
K H C H 3 H 
Li CH CH H 
M  C H 3 H C H 3 
N H H C H 3 
P1 C H 3 H C H 3 
Q OEt H H 
R  C H 3 OEt H 
Si OEt C H 3 H 
Ti OEt H H 
Vi OEt H CH 3 
w  Ph H H 
OMePh H H 
z  rn-CF3Ph H H 
Al - GI 






3.1 	Synthesis of the 1, 1-Dibromocyclopropanes 
The dibromocyclopropanes (Al to Zl) were prepared as 1:1 
adducts of dibromocarbene and the corresponding olefin. The carbene 
was generated from bromoform and potassium t-butoxde. Optimum 
yields were obtained using a 2. 5 fold excess of potassium t-butoxide 
and a two fold excess of broinoform over the olefin. Light petroleum 
was used as the solvent, except for the 4-aryl substituted 1, 2-dihydro-
naphthalenes, which were insufficiently soluble in light petroleum at 
-10°C, and where dry ether was used as the solvent. 
Low boiling fractions were removed from the product mixtures 
by gentle. heating under vacuum. These were examined using I  H n. m. r. 
and mass spectroscopy and were found to contain occasional small 
amounts of unreacted olefin and 1, 1-dibromo-2, Z-dimethylcyclopropane 
identified by comparison with an authentic sample. This is consistent 
with the work of Hir±e 7  previously discussed, who found that isobutylene 
was formed under the conditions of the reaction,and with the work of 
Doering and Hoffmann 36  who found that 1, 1-dichloro-2, 2-dimethylcyclo-
propane was formed from isobutylene in situ during the reaction of 
dichJ.orocarhene with cyclohexene to form 7, 7-dichioronorcarane. 
The formation of 1, 1-dibromo-2 31 Z-dimethylcyclopropane, appeared 
to be inversely related to the ease of formation of the desired adducts. 
The dibr omoc yclopropane s were purified by chromatography 
using either basic or neutral alumina. Where possible the dibromo-
cyclopropanes were recrystallised from a suitable solvent (usually 
methanol/ether mixtures). To avoid thermal decomposition the adducts 
were stored at -15 °C. 
The adducts were not purified by distillation as it was thought 
that since some dibromocyc1opropanecould be observed to decompose 
at room temperature it was likely that, even for the most stable adducts, 
small quantities of decomposition products, such as hydrogen bromide, 
would be formed which might alter the course of the subsequent vapour 
phase pyrolysis reactions. 
The purity of the dibromocyclopropanes was evaluated and 
22 
their structures confirmed using infra-red ' H and 
13 
 C n. m. r. 
spectroscopy, exact mass measurement of the parent peak in the 
mass spectrum and, where possible, carbon and hydrogen analysis. 
Scheme 1 
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4. 1 	Decomposition of 1, 1-Dibromo-2-methyl-Z-phenylcyclo 
propane 
Low pressure (0. 005 mrnHg) vapour phase pyrolysis of 1, 1-
dibromo-2-methyl-2-phenylcyclopropane (Al) at 300, 400 and 450 0C 
yielded buta-. 1, 3-diene (AZ) as the major product. This compound 
was identified by comparison of its 'H n. m. r. spectrum with -that 
available rn the literature. 	At 300 a significant quantity (7%)  of 
the reactant, cyclopropane (Al), remained unchanged and at 400 and 450 ° 
small amounts of 2-bromo-3-methylindene (A3) were also formed, 1% 
and 4% respectively. This compound was identified by comparison of 
its ' H n. m. r. and mass spectra with those of a sample prepared by an 
independent route (9. 1, p.  65). A careful search of the 'H n. m. r. spectra 
of the product mixtures showed no evidence for the presence of the 
isomeric 1,2-dibromo-3-phenylbut-2-enes (A4Z and A4E), which were 
reported 
103 
 as the sole products formed on thermolysis of cyclopropane, 
(Al), under nitrogen at 190 for 5. 5 h. 	Attempts to reproduce this 
work by refluxing the cyclopropane (Al) in deca.lin, as solvent, for 5. 5 h 
gave only unchanged starting material, however heating the cyclopropane 
(Al), neat, in a sealed tube, under nitrogen at 200 ° for 5 h gave Z andE 
1, 2-dibromo-3-phenyibut-2-ene (A4Z, A4E) in 90% yield. These results 
suggest that the formation of 1, 2-dibromo-•3-phenylbut-2-enes (A4Z and 
E) is not a simple unimolecular rearrangement. The absence of re- 
arrangement in decalin solution also contrasts strongly with the comparative 
ease of the apparently analogous rearrangement in lepidine of the 1, 1-
dibromo-2,3-dimethylcyclopropanes (42),(43), (44)101 
The formation of 2-bromo-3-phenylbuta-1,3-diene (AZ) in the 
vapour phase may be rationalised by a variety of mechanisms involving 
a concerted ring opening and extrusion of hydrogen bromide (schemes 
1 and 2). If this process is examined by the methods of Zimmerman 
and Dewar, whereby, the number of nodes in the transition state and 
the number of electron pairs involved is assessed, then it is clear that 
the ring opening to form diene (AZ) is a thermally allowed concerted 
II 
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process, since there are zero or an even number of nodes and three 
electron pairs involved in the formalised transition state. 
There are two available disrotatory modes of ring opening. 
In mode (a) the methyl group rotates away from the methylene group 
and only one lobe of the developing p-orbital on C-(2) is involved in the 
transition state. In mode (b) the methyl group moves towards the 
methylene 'group and both lobes of the developing p-orbital on C-(2) are 
involved in the transition state. Since both disrota'tory modes lead to 
the same product, in this case, it is not possible to decide which mode, 
if any, is preferred. 
A radical mechanism can be formulated for the formation of 2-
bromo-3-methylindene (A3) in the vapour phase (Scheme 3). In this 
scheme it can be seen that it is formally possible for cyclopropane (Al) 
to cleave homolytically to form three diradicals. However only one of 
these can readily form products other than that of ring closure to form 
starting material. These products are 2-bromo-3-methylindene (A3) 
and buta-1,3-diene (AZ). It is not thought that this radical route is the 
major one 'in the formation of butadiene (AZ) partly because only a 
maximum of 4% of the indene (A3) is seen (at 4500)  and the butadiene (AZ) 
is formed at a lower temperature than the indene (A3) and partly because 
of work described later 'in this section. Attempts to cause butadiene (AZ) 
to undergo an acid catalysed reaction by heating in solution with para-
toluenesuiphonic acid gave only complex product mixtures which were not 
readily purified. 
4.2 	Decomposition of ,Z and E- 1, l-Dibromo-3-methyl -2-phenyl- 
cyclopropane (B1Z and BIZ). 
Low pressure vapour phase pyrolysis of E-1, 1-dibromo-3-
methyl-2-phenylcyclopropane (B1E) at 300 ° (0. 005 mrnHg) gave E and 
Z-2-hromo-l-phenylbuta-1, 3-diene (B2) and (B3) 'in the ratio 1:3.4 
together with unchanged starting material. Pyrolysis of the cyclo-
propane (B1E) at 350
0 
 (0. 005 mmHg) yielded only the butadienes (BZ) 
and (B3) now in the .ratio 3:4. The butadienes (B2) and (B3), separable 
by preparative vapour phase chromatography, were identified from 
their 
1 
 H n. m.r. and mass spectra and by analogy with the rearrangement 
of 1, 1 -dibromo- 2-methyl- 2-phe.nylc yclopropane (Al). Differentiation 
between the isomers was made on the basis of their H n. m. r. spectra. 
The aromatic region of the spectrum of 'isomer (B3) consists of a low 
field two proton mult'iplet (7. 6-7. 86) arising from the ortho protons and 
a higher field three proton multiplet (7. 2-7. 56) arising from the meta 
and 'para pröton. The aromatic region of the isomer (B2), however, 
appears as a single broad absorption (7. 2-7. 56). The olef'inic proton 
resonances of isomer (B3) appear at a slightly higher field than the, 
corresponding resonances for isomer (BZ). The shift to low field of the 
ortho protons in isomer (B3) could imply the presence of the bromine 
atom cis to the phenyl group. This was confirmed by examination of 
the H n.m. r. spectra of the related compounds cis- and trans--bromo-
styrene. The cis-isomer shows separation of the aromatic region into 
a two proton multipiet and a three proton multiplet analogous to that of 
isomer (B3). The aromatic region in the spectrum of the trans-isomer 
shows a broad singlet analogous to that of isomer (B2). Thus it was 
concluded that compound (B3) was Z-2-bromo-l-phenylbuta-1,3-diene 
and compound (B2) was E-2-bromo-1-pheuylbuta-1,3-diene. Pyrolysis 
of cyciopropane (BIE) at 4000  (0. 005 mmHg) gave 3-bromo-1,2-dihydro-
naphthalene (B4) and 3-bromonaphthalene (B5) 'in the ratio 1:1:4:5. 
Pyrolysis at 450 ° (0. 005 mmHg) yielded the same products in the ratio 
4:1:1:2. 3-Bromo-1, 2-dihydronaphthalene was identified from its ' H 
n. m. r. and mass spectra while -bromonaphthalene was identified by 
comparison of its ' H n. m. r. and mass spectra with those of an authentic 
sample. 
Similar results were obtained from the pyrolysis of Z-1, 1-
dibromo- 3-methyl- 2-phenyic yclopropane (BIZ). At 3500  (0. 005 mmHg) 
only the butadienes (B2) and (B3) were obtained in the ratio 1:2, whereas 
at 4000 (0. 005 mmHg) the dihydronaphthalene (B4) the naphthalene (B5) 
and the butadienes (B2) and (B3) were obtained in the ratio 1:1:2:4. 
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(135) only were obtained in the ratio 3:1. 
The formation of the butadienes (BZ) and (B3) in the vapour 
phase may be rationalised by a concerted ring opening and extrusion 
of hydrogen bromide similar to that discussed for formation of 
butadiene (AZ) (4. 1,'-  p.23) and described in the general reaction scheme 
(1) where for cyclopropane (B1E) R 1 R3 =H and R2 =Ph and for cyclo-
propane (BIZ) R 2 R3 =H and R 1 Ph (Scheme 4). In this case the two 
disrotatory modes are non equivalent. Butadiene (B2) can be considered 
as being formed from cyclopropane (B1E) by ring opening by mode A 
and from cyclopropane (BlZ) by ring opening by mode B. Conversely 
butadiene (B3) can be considered as being formed from cyclopropane 
(B1E) by ring opening by mode and from cyclopropane (BIZ) by ring 
opening by mode A In the reaction pathway for the ring opening of the 
cyclopropane (B1E) by mode A approach of the phenyl group and a 
hydrogen atom is required and by mode B approach of the methyl group 
and a hydrogen atom is required. Whereas the ring opening of cyclo-
propane (BIZ) by mode requires that the methyl and phenyl groups 
approach and by mode A requires that two hydrogen atoms approach. 
While it is likely that a phenyl-hydrogen approach and a methyl-hydrogen 
approach cause similar steric blocks, clearly a phenyl-methyl approach 
will cause a considerably greater steric block than two hydrogen atoms 
approaching each other. This is supported by the formation of a larger 
proportion of the major product butadiene (B3) in the pyrolysis of the 
cyclopropane (BIZ) at 3500  than is found for the pyrolysis of the cyclo-
propane (B1E) at the same temperature. The product ratios for the 
pyrolysis of E-1, 1-dibromocyclopropane at 3000  and 350° suggests that 
a phenyl group approaching a hydrogen atom creates a greater steric 
restriction than a methyl group in a similar situation, but the change 
in ratio from 300 to 350 ° suggests that some product isomerisation is 
taking place. If there were no Z/Eisomerisation of the 2-bromo-1-
phenylbutadienes it would be expected that as the temperature of pyrolysis 
increased and the difference in activation energies of the concerted path-
ways to the Z and E isomers became less significant, as compared with 
the energy available, the ratio of E-2-bromo-l-phenylbuta-1,3-diene 
to Z-2-broxno-3-phenylbuta- 1, 3-d'iene (133) would approach 1:1. 
However the product mixture of pyrolysis of the cyclopropane (B1E) 
at 4500  contains only 12% of the Z-butadiene and that of the cyclo-
propane (BIZ) zero % of the Z-butadiene. Thus it seems a WE iso-
merisation is taking place. 
A thermally allowed mechanism for the isomerisation would be 
via  butadiene/cyclobutene interconversion, which is a conrotatory 
process. The analagous Z and E 1, 4 -dime thylbuta- 1, 3-dienes are 
known167. 	be formed from the corresponding cyclobutenes at 175
0 
 in 
solution. It would therefore appear that at above 300 ° there would be 
a very small probability of the cyclobutenes being anything more than a 
transient species in the flow system. Since the relative reaction rates 
and thermodynamic stabilities were not studied, no detailed picture can 
be postulated. Examinations of accurate models of isomers (B2) and 
were inconclusive in attempting to determine their relative 
stab ilitië s. 
3-Bromo-1, Z-dihydronaphthalene (B4) can be considered as 
being formed from E-Z-bromo-1-phenylbuta-1, 3-diene (B2) by a concerted 
thermal valence isomerisation to the intermediate (B6) which, at the 
temperatures involved, would readily undergo a concerted [1,5] hydrogen 
migration to form the rearomatised 3-bromo-1, Z-dihydronaphthalene. 
The initial ring closure to the intermediate, (B6), is analagous to the 
168,169 - reaction of substituted 1, 3, -hexarienes 	which undergo concerted 
stereospecific ring closure to c yciohexadiene s. 
13-Bronionaphthalene (B5) can be considered as being formed by 
loss of hydrogen from 3-bromo-1, 2-dihydronaphthalene (B4) or inter-
mediate (B6). However concerted loss of molecular hydrogen would 
have to occur via a trans elimination and is therefore improbable. The 
thermal decomposition of 1, 3-cyclohexad'iene
170 
 between 362 and 4210 at 
10-90 torr yields benzene, cyclohexene; hydrogen and some twelve-carbon 
hydrocarbons. The reaction was found to proceed via  radical chain 
process. A similar mechanism seems improbable for the pressures 
used to form the -bromonaphthalene (B5)..: 	- 	A radical 
mechanism, however, does seem the most likely mode of reaction. 
40 -. 	30 
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4. 3 	Decomposition of E-1, l-Dihromo-Z, 3-d.imethyl-2-phenyl- 
cyclopropane (Cl) 
Low pressure vapour phase pyrolysis (0. 005 mmHg) of E- 1,1- 
dibromo-2, 3-dimethyl-2-phenylcyclopropane (Cl) at 300
0 
 gave a 
mixture of products containing E- and Z-3-bromo-4-phenylpenta-1, 3-
diene (CZ) and (C3), Z- and E-3-bromo-2-phenylpenta- 1, 3-diene (C4) 
and (C5) and a fifth product (C8), whose structure was inferred from 
clear resonances in the 1 H n. m. r. spectrum of the product mixture to 
be 3, 4-dibromo-2-phenylpent-2-ene. These compounds were present 
in the ratio C2:C3:C4:C5:C8 = 8:1:16:5:4. Pyrolysis of the cyclopropane 
(C 1) at 400 0 gave only the pentadienes (C2), (C3), (C4) and (C5) in the 
ratio 3:1:9:3. However pyrolysis at 450 ° gave the pentadienes (C2), 
(C3), (C4) and (C5) and also 3-bromo-4-methyl- 1, 2-dihydronaphthalene 
(C6) and 2-bromo-1-methylnaphthalene (C7) in, the ratio 1.4:1:5.6:1.4:2.1. 
Although not individually separable, the pentadienes were identified 
by analogy with the reactions of 1, 1 -dibr omo- 2.methyl-2-phenylcyclo-
propane (Al) and Z- and E-1, 1-dibromo-3-methyl-2-phenylcyclopropane 
I 
(BIZ) and (B1E) and from the H n. m. r. resonances from the spectra of 
the mixtures of compounds. A typical 1 H n. in. r. spectrum is shown 
(Fig. 13 ). Particularly significant were the absorptions due to the 
methyl protons, appearing as singlets for pentadienes (CZ) and (C3) and 
doublets for pentadienes (C4) and (CS).' The relative intensities of these 
and the olefinic resonances allow the separation of the spectrum into 
groups of resonances corresponding to each component of the mixture. 
Pentadienes (C2) and (C4) were differentiated on the basis that the olefinic 
proton Ha  resonates  at a lower frequency in the E- isomer (C2) than in the 
Z-isomer (C3), molecular models indicating that for minimum steric 
interactions, proton Ha  must lie in the shielding region of the aromatic 
ring. The pentadienes (C4) and (C5) were similarly distinguished, 
proton H.b 'in the Z-isomer (C4) being similarly shielded and therefore 
resonating at a lower frequency than in the E-isomer (C5). Conversely 
the methyl protons 'in the pentadiene (C5) resonate at a lower frequency 
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3-Bromo--4-methyl-1, 2-dihydronaphthalene (C6) and 2-bromo--
1-methy1naphthalene (C7) were identified by comparison of their ' H 
n. m. r. spectra with those of authentic samples of the compounds. Also 
it was found that the dihydronaphthalene (C6) when refluxed with ortho 
chioranil in solution formed 2-bromo- 1 -rnethylnaphthalene (C7). 
The formation of pentadienes (C2)-(C5) in the vapour phase may 
be rationalised by analogy with the mechanism previously discussed for 
formation of butadiene (AZ) from cyclopropane (Al) in reaction scheme 
(2). In this cyclopropane (Cl), however, there are two different types 
of hydrogen atom which may be removed for each disrotatory mode of 
ring cleavage (Scheme 5). It can be seen by comparison with the 
general reaction Scheme(1) that either(i) R1=CH 3 , R2H and R
3 
 Ph 
or (ii) R1 =CH 3 , R2 =Ph and R3 =H. That is, disrotatory mode A with 
substituents arranged as (i) would lead to formation of Z-isomer (C4) 
but in the sub stituents arranged as (ii) would lead to formation of E-
isomer (CZ). Disrotatory ring opening by mode B with..substituents as 
in. (i) would lead to the E-isomer (C5) but with sub stituents as (ii) would 
lead to formation of Z-isomer (C3). Since disrotatory mode A  causes 
the phenyl group and a hydrogen atom to approach while mode .B causes 
two methyl groups to approach, the set of products formed by mode JB 
will be less favourable on steric grounds than those formed by mode A. 
In accordance with this the amount of pentadienes (C3) and (C5) is always 
less than that of pentadienes (C2) and (C4) at any pyrolysis temperature. 
It also appears from the results that the pathway which 'involves loss of 
a hydrogen atom from the p-methyl group is less favourable than that 
which involves loss of a proton from the c.-methyl group; the results 
could be explained if products (C4) and (C5) are more thermally stable 
to decomposition and isornerisation than products (C3) and (C2). 
Pentadienes (C3) and (C5) are thermally interconvertable by an 
allowed [1,5]hydrogen shift, both isomers being able to achieve the cis, 
cis configuration necessary for the continuous overlap of the orbitals of 
the migrating hydrogen atoms with those of the double bonds. 
From the results, it is not clear whether any Z/E isomerisation 
Wi 
is takin g place or to what extent the [1,5] hydrogen shift in the pentadienes 
(C3) and (C5) is occurring, if this is significant. 
3-Bromo-4-methyl-1,2.-d'ihydronaphthalene (C6) can be formed 
from pentadiene (C2), as was described for dihydronaphthalene (B4) 
above, that is by a concerted ring closure to a non-aromatic intermediate 
followed by a sigmatropic [1,5] hydrogen shift to form the dihydronaph-
thalene (C6). Ring closure occurs at a higher pyrolysis temperature 
than that for pyrolysis products of cyclopropanes (B1Z and E) discussed 
above. (4.3,p.24) 
2-Bromo-l-methylnaphthalene (C7) can be considered as being 
formed from dihydronaphthalene (C4) by loss of molecular hydrogen or 
two hydrogen atoms. 
As was mentioned earlier, Sandier
103 
 found that cyclopropane 
(Al) and other related cyclopropanes yielded allylic dibromides on 
pyrolysis under nitrogen at around 2000.  However, in the flow system 
pyrolysis at less than 2500  generally yielded reactant, with only a small 
amount of decomposed material, and no allylic dibromide was present 
in the product mixtures of the previously and subsequently discussed 
pyrolyses. In the 'H n. m. r. spectrum of the pyrolysis of cyclopropane (Cl) 
at 3000,  however, clear resonances indicated the presence of 3,4-
dibromo-2-phenylpent-2--ene (CS) and it can.be  considered as being 
formed by a concerted ring opening with migration of a bromine atom, 
as was suggested for the other similar reactions. From the results of 
the pyrolysis experiments it is not possible to determine whether reac-
tion is occurring in the flow system or in the neat reaction mixture 
before varpourisation. However, the mechanism postulated for this 
reaction involves ions and would therefore be more likely to occur in 
the neat reaction mixture. 
4.4 	Decomposition of 1, 1-Dibromo-3,3-dirnethyl-2-phenyl 
cyclopropane (Dl). 
Low pressure (0. 005 mmHg) vapour phase pyrolysis of 1, 1- 
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Yielded E- 2-brorno-3-.methyl- 1 -phenylbuta- 1, 3-diene (D2) and its Z-
isomer (D3) in the ratios of 1:4 and 1:3 respectively. Pyrolysis at 
4000 yielded the butadienes (DZ) and (D3) and also 2-methyl-3-bromo-
1, 2-dihydronaphthalene. (D4) 'in the ratio 5:10:3 while pyrolysis at 
450° gave the products dihydronaphthalene (D4), -bromonaphthalene 
(D5 =B5) and 2-bromo-3-methylnaphthalene (D6) in the ratio of 9:1:1. 
The butad'ienes (D2) and (D3) were identified from their 
n. m. r. spectra and by analogy with the decomposition of the 1, 1-dibromo-
cyclopropanes (Al), (BIZ), (B'lE) and (C 1). Their spectra were 
differentiated by direct comparison of their 'H n. m.r spectra with those 
of butadienes (B2) and (B3) above and Z and E- -bromostyrene. As with 
these molecules the aromatic resonances of the ortho protons of the Z-
isomers (DZ) occur at a higher frequency than the meta and _para-protons. 
2- Methyl- 3-br omo- 1, 2-.dihydr onaphthalene was identified by analogy 
with the foregoing rearrangements and from its 1 H n. m. r. , 13 C n. m. r. 
and mass spectra, and 2-bromonaphthalene (1)5) and 2-bromo-3-methyl-
naphthalene (1)6) were identified by comparison of their 'H n. m. r. 
spectra, with those of authentic samples.. 
Formation of the butad'ienes (1)2) and (1)3) in the vapour phase 
may be rationalised by a mechanism involving a concerted di srotatory ring 
opening with loss of hydrogen bromide (Scheme 6). By comparison with 
the general reaction scheme (1) with R 1 =H, R2 =Ph and R3 CH3 it can 
be seen that disrotatory mode A leads to formation of the E-isomer (1)2) 
while disrotatory mode B leads to formation of the Z-isomer (1)3). Mode 
A however, requires that a methyl group and the phenyl group approach 
during reaction while mode B requires that a methyl and a hydrogen atom 
approach. This would result 'in the E-isomer (1)2) being less favourable, 
on steric grounds, than the Z-isomer (1)3). This is consistant with the 
results since at 300 ° the ratio of the isomer is 1)2:1)3 = 1:4. As the 
temperature of pyrolysis is 'increased to 
3500 
 the difference between the 
activation energies for the two processes will decrease relative to the 
energy available to the molecules and thus the ratio of 'isomer (1)2) to 
(1)3) increases to 1:3. 
The formation of the dihydronaphthalene (D4) may be rationalised 
by a mechanism involving an electrocyclic ring closure of butadiene 
(D2), similar to that described above for the ring closure of butadiene 
(B2) in reaction scheme (4). Consequently, although the ratio of 
butadiene (D2) to butadiene (D3) in the product mixture from pyrolysis 
at 4000  is now 1:2, in order to determine whether any Z/E-isómerisa-
tion is taking place, it is necessary to add to isomer (D2) the quantity 
of products derived from it by further reaction. In this case the ratio 
of D2:D3 alters to 1. 6:2, suggesting that some Z/E isomerisation has 
occurred. The absence of both butadienes in the product mixture from 
pyrolysis at 400 0 confirms that isomerisation must be taking place. 
The mechanism of 'interconversion is considered to be analogous to that 
proposed above for the butadienes (B2) and (B3), that is a concerted 
mechanism via a c yclobutene intermediate. 
Naphthalenes (D5) and (D6) can formally be considered as being 
formed by loss of methane and hydrogen respectively, from the dihydro-
naphthalene (D4). The loss of methane is not readily explained and no 
analogy is observed elsewhere. 
4.5 	Decomposition of 6, 6 -Dibromo- 1 -phenylbicyclo3, 1, Olhexane 
(El). 
Low pressure (0. 005 mmHg) vapour phase pyrolysis of 6,6-
dibromo-1-phenylbicyclo[3, 1, O]hexane (El) at 300 0 gave a product 
mixture which consisted of 2-br omo- 1 -phenylc yclohexa- 1, 3 -diene (E2), 
3-bromo-2-phenylcyclohexa-1,3-diene (E3) and biphenyl (E4) in the 
ratio 1. 6:1:1. ' Pyrolysis of 350 ° and at 400° yielded the same products 
but the relative amounts present had altered to 1:1. 5:3. 6 and 1:1:6 
respectively. The only identified product at 400 ° was biphenyl. 
The presence of the c yclohexadiene s (E2) and (E3), which were 
inseparable, was inferred from a H n. m. r. spectrum of a mixture of 
the two and by analogy with the rearrangements of cyclopropane (Cl) to 
dienes (C3) and (C5). The biphenyl (E4) was identified by its melting 



























point and by comparison of its ll  n. m. r. spectrum with that of an 
authentic sample. 
Formation of the cyclohexadienes (E2) and (E3) in the vapour 
phase may be rationalised by a concerted disrotatory ring opening of 
the cyclopropane ring with loss of hydrogen bromide (Scheme 7). 
Only one disrotatory mode is possible as mode A would result in the 
formation of a trans double bond in the hexadiéne ring. There are, 
however, two different P-hydrogen atoms which can be removed to form 
H Br. Removal of one leads to the formula of 2-bromo-l-phenyihexa-
1, 3-di.ene (EZ) and removal of the other leads to the formation of 3-
bromo-2-phenylcyclohexa-1, 3-diene (E3). 
At the temperatures of pyrolysis, sufficient energy is available 
to allow concerted [1, 5]hydrogen migrations, but there is no evidence 
for the [iv, 5Jhydrogen shifted products. It, therefore, seems possible 
that the third product, biphenyl (E4) is being formed more readily than 
this type of product or that it is being formed from these products very 
rapidly. However, concerted loss of hydrogen bromide from cyclo-
hexadienes (E6) and (E7) would have to occur by a trans elimination 
from the ring. It is therefore unlikely that process is concerted. 
The reason for the variation in the ratios of the cyclohexadienes 
is not clear, however, as biphenyl (E4) is the only fully aromatic product 
and its formation involves an irreversible elimination stage, the decrease 
in ratio of the cyclohexadienes to biphenyl is expected. 
4.6 	Decomposition of 4, 5-Benzo-1, 1-dibromospiro[2, 51octene 
(Fl). 
Low pressure (0. 005 mmHg) vapour phase pyrolysis of 4, 5-
benzo- 1, 1-dibromospiro[2, 5]octene (Fl) at 300 0 yielded 4-(1 -bromo-
vinyl)-1, 2-dihydronaphthalene (F2) as the major product (93%) together 
with another compound (6%), (F3). Pyrolysis at 400 and 450 0 again 
yielded the naphthalene (F2) as the major product together with compound 
(F3) and l-vinylnaphthalene (F4) in the ratios 4:1:0.3, and 5:2:1. 
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The dihydronaphthalene (F2) was identified by its ' H n. m. r. 
and mass spectra and by analogy with the products of dehydrobrornina-
tion of the 1, 1-dibromocyclopropanes discussed above. The 1-vinyl-
naphthalene (F4), identified by comparison of a ' H n. m. r. spectrum 
of pyrolysis product mixture with that of an authentic sample of the 
naphthalene, was not separable from product (F3). The mass spectrum 
of the mixture of compounds (F3) and (F4) showed two very small peaks 
at 234/236 and a larger one at 232/234 as well as the 154, parent ion, 
of the l-vinylnaphthalene (F4). This together with the ' H n. m. r. 
spectrum of the mixture suggests that the compound (F3) is a mixture 
of cis and trans 4-(2-bromovinyl)-1, 2-dihydronaphthalene in the ratio 
1:1, the vinyl proton resonances being too large to be due solely to one 
c ompound. 
The formation of 4-(l -bromovinyl)- 1, 2 -dihydronaphthalene (FZ) 
can be rationalised by a concerted disrotatory opening of the cyclo-
propane ring with loss of hydrogen bromide similar to that shown in 
Scheme (1), where the methyl group and R 3 have been replaced, with 
C(2) of the cyclopropane ring being incorporated in the tetralin nucleus. 
The two disrotatory modes A and B both give the same product 
(Scheme 8). 
4.7 	Dec omposition of 1, 1 -Dibr omo- 2-phenylc yclopr opane (GI) 
and 1, 1-Dibromo-2, Z-diphenylcyclopropane (G2). 
Low pressure (0. 005 mmHg) vapour phase pyrolysis of 1, 1-
dibromo-2-phenylcyclopropane (GI) and 1, 1-dibrorno-2, 2-diphenyl-
cyclopropane (G2) at 400 0 yielded a complex reaction mixture with a 
large proportion of unidentified aromatic products. The decompositions 

























5. 1 	Rearrangements of 2, 3-Benzo-7, 7-dibromobicycloheptene 
and some Aikvl Derivatives 
Low pressure (0. 005 mmHg) vapour phase pyrolysis of 2, 3-
benzo-7, 7-dibromobicyclo[4, 1, 0]heptene (Hi) at temperatures in the 
range 350-450 °C gave a mixture of two C 10 H9 Br isomers, (HZ) and (H3), 
in the ratio 1:0.8-1.3. Below 350 ° a significant proportion of starting 
material remained unchanged and above 4500  large quantities of un-
characterised material were produced. Although the isomers were 
inseparable by liquid or vapour phase chromatography the 1 H n. m. r. 
spectra of the product mixtures were sufficiently clear to allow - 
resolution (fig. 14) of the aliphatic and olefinic resonances due to each 
isomer. The integral ratio of aromatic :olefinic:aliphatic resonances 
was 4:3:2 and this suggested that the isomers, (HZ) and (H3), were 
benzocycioheptatrienes with bromine as a substituent on an olefinic 
carbon atom in the seven membered ring. 
Isomer (HZ) was identified as 1,2-benzo-4-bromocyclohepta-
1,3, 5-triene from the resolved 1 H n. m.r. spectrum II and by analogy 
with the rearrangement of Z- 1, 1-dibromo-3-methyl-2-pheñylcyclo-
propane (BIZ) to E-2-bromo-i-phenyibuta-1, 3-diene (B2) and with 
material presented later. The 'H n. m.r. spectrum shows resonances 
due to the olefinic proton Ha  at low field (7. 45 5 , due to the proximity 
of the bromine atom and the aromatic ring. Proton 
11b 
 appears at 
higher field as a doublet (J = 10Hz), proton Hc  appears as a doublet of 
triplets (J = 10 and 7Hz) and the methylene protons H appear as a 
doublet (J 7 Hz). These splitting patterns are consistent with a rapid 
inversion of the cycloheptatriene ring system. Variable temperature 
studies on this and other benzocycloheptatrienes obtained from this work 
are presented later (section 8; p. 61). 
Isomer (H3) was identified as 1, 2-benzo-6-bromocyclohepta-1,3, 5-
triene from the resolved 1 H n. m. r. spectrum III. Olefinic protons Hd. 
He and H  appear respectively as a doublet (J = 11 Hz), a doublet of 
doublets (J = 11 and 6 Hz) and a doublet (3 = 6 Hz) with the aliphatic 
protons H appearing as a singlet. It is noteworthy that neither of the 
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resolved spectra II or III are consistent with those expected for 1,2-
b enzo-3-bromocyclohepta-1, 3, 5-triene or 1,2- benzo-5-bromocyclo-
hepta-1, 3, 5-triene. 
Low pressure (0. 005, 0. 01 mmHg) vapour phase pyrolysis of 
2, 3-benzo-7, 7-dibromo-1-methylbicyclo[4, 1, 0]heptene (Ji) at 365 ° gave 
1, 2-benzo-4-brorno-3-methylcyclohepta-1, 3, 5-triene (J3), 1, 2-benzo-
6-br omo- 7-methyic yclohepta- 1, 3, 5-triene (J4), some bic ycloheptene 
(JI), 1, 2-benzo-4-brorno-3-rnethylenecyclohepta- 1, 4-diene (JZ) and 1-
vinylnaphthalene (J5) in the ratio 4:5:1:4:1. Below this temperature only 
small amounts of rearranged products were found while above this 
temperature virtually none of the bicycloheptene (31) remained and the 
amounts of the isomers (J3) and (34), decreased relative to that of the 
compounds (32) and (J5), until at 4500 pyrolysis yielded only the corn-
pounds (JZ) and (J5) in the ratio 1:1. On recycling the product mixtures 
at 4000  the relative amount of the isomers (J3) and (J4) decreased to zero 
while that of the compounds (JZ) and (J5) increased, the overall yield 
decreasing. The final ratio of the compounds J2:J5 was 2:1. The 
vapour phase pyrolysis of the compound (J5) at 4000  yielded polymerised 
material and the compound (J5) in the ratio 1:2, with 25% unaccounted for, 
but thought to have polymerised in the flow system. 
The products were separable by vapour phase chromatography 
and the compounds (33) and (J4) were identified by their 1 H n. m r. spectra, 
their mass spectra and by analogy with the rearrangement of the bicyclo-
heptene (Hi) in the vapour phase to form the cycloheptatrienes (HZ) and 
(H3). The mass spectra of both isomers show the presence of one 
bromine atom and one methyl group per molecule. At room temperature 
the 1 H n. rn. r. spectrum of the cycloheptatriene (J4) shows the methyl 
resonance appears as a broad band, which implies that the coalescence 
temperature is very close. At 600,  however, the 1 H n. m. r. spectrum 
is very similar to that of the cycloheptatriene (H3). The 1 H n. m. r. 
spectra of the cycloheptatrienes (HZ) and (J4) are also very similar. 
1, 2- Benz o-4-bromo- 3 -methylenec yclohepta- 1, 4-diene (32) was 
idntified by its 'H n m. r. spectrum, its mass spectrum and by analogy 
fig- 15* 





with the rearrangement of the cyclopropane, (Al), to 2-bromo-3-phenyl-
buta-1, 3- then e (AZ). The mass spectrum shows no peak corresponding 
to a loss of 15 mass units as is observed for the methyl substituted cyclo-
lieptatrienes (J2) and (J3). The ' H n. m. r. spectrum (Fig. 15) shows the 
methylenic protons H   as two singlets which exhibit long range coupling, 
the olefinic ring proton HA  as a triplet (J = 5 Hz) and the aliphatic protons 
H as complex multiplets as well as the aromatic protons. 
l-Vinylnaphthalene (J5) was identified by comparison of its ' H 
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n.m.r. and C n. m. r. spectra and mass spectrum with those of an 
authentic sample. 
From a consideration of the pyrolysis data l-vinylnaphthalene appears 
to be formed at the expense of the cycloheptatrienes (J3) and (J4) and is 
probably formed from them. The high relative amounts of the cyclohepta-
diene (J2) relative to 1-vinylnaphthalene (J5) after recycling as compared 
to pyrolysis at 450 is thought to be due to its greater stability to decom-
position or polymerisation than that of the naphthalene (J5). 
Low pressure (0. 005 mmHg) vapour phase pyrolysis of 2, 3-benzo-
7, 7-dibrorno--6-methylbicyclo[4, 1, 0]heptene (Ki) over the range 300_4500. 
yielded 1, 2-benzo-4-bromo-5-methylenecyclohepta- 1, 4-diene (KZ), 1, 2-
benz o-4-bromo-5-methylcyclohepta- 1, 3, 5-triene (1(3), 1, 2-benzo-6-
bromo- 5-methylcyclohepta- 1,3, 5-triene (1(4), 1, 2-benzo- 5-bromo-6-
methyic yclohepta- 1, 3, 5-triene (KS), 1, 2-benzo-5-bromo-4-methylcyclo-
hepta-1, 3, 5-triene (1(6) and some uncharacterised compounds. At 
temperatures less than 3000  the sole product was the cycloheptatriene 
(1(3), together with the hicycloheptene (1(1). Between 300 and 400 0 the 
major product was the cycloheptatriene,( 1(4), (50-58%), isomers (K2) 
and (1(3) were in equal amount, however their proportions decreased 
relative to those of the cycloheptatrienes (KS) and (K6) as the temperature 
of pyrolysis increased. The product mixture from the pyrolysis at 450 ° 
was complex and low in yield (30%) and its 1 H n. in. r. spectrum could not 
be resolved. A gas liquid chromatograph coupled to a mass spectrometer 
showed the probable presence of the compounds (1(3), (1(4), (1(5), (1(6), 
(K?) and (1(8). 
Low pressure (0. 01 mm) vapour phase pyrolysis of the cyclo-
heptatriene (K3) at 400 ° yielded the cycloheptatrienes (K4) and (K5) in 
the ratio 3:1 and these were separated by vapour phase chromatography. 
The cycloheptadiene (L2) and the cycloheptatrienes (1(4) and (1(5) 
were separable from the other cycloheptatrienes (1(3) and (1(6) by vapour 
phase chromatography and the cycloheptatriene (1(3) was obtained pure 
from the base catalysed decomposition of the bicycloheptene (1(1), which 
is described later. 
The methylene cycloheptadiene (1(2) was identified from its ' H 
n m. r. spectrum and by analogy with the formation of the methylene 
cycloheptadiene (J2), in the vapour phase, from the bicycloheptene (Ji). 
The cycloheptatrienes (1(3) and (1(4) were also identified from their 'H 
n.m.r. spectra and by analogy with the similar formation of the cyclo-. 
heptatrieies (J3) and (J4) from the bicycloheptene (Ji). The cyclohepta-
triene (KS) was identified from its ' H n. rn. r. spectrum and its mass 
spectrum, which showed the compound to be a methyl substituted C 12 H 11 Br 
isomer. The 1 H n.m.r. spectrum shows the presence of aromatic 
protons, two adjacent cycloheptatriene ring protons coupled through a 
double bond (J = 12 Hz), an aliphatic methylene group and a methyl group. 
This spectrum is very similar to that of the cycloheptatriene (1(4), the 
aliphatic ring protons resonating at lower frequency and the methyl protons 
resonating at higher frequency. The largest difference is a shift to lower 
frequency of the C-7 protons. This suggests the formula 1, 2-benzo-5-
bromo-6-methylcyclohepta-1, 3, 5-triene which is analogous to 1, 2-benzo-
6-bromo-.5-.methylcyclohepta-1, 3, 5-triene (1(4) with the position of the 
methyl and the bromine substituents interchanged. 
The cycloheptatriene (1(6) was not isolated but it was identified 
from clear resonances in the ' H n. m. r. 
I
spectrum of a mixture with the 
compounds (1(3) and (1(5). Its spectrum is very similar to that of the 
cycloheptatriene (1(3) in pattern, the main difference bing a shift to higher 
frequency of the olefinic triplet of ca 0. 5 p. p. m. Structures other than 
1, 2-benzo-5--bromo--4-methylcyclohepta-1, 3, 5-triene were rejected on 
the grounds that their 'H n. m. r. spectra would not be consistent with 
that observed. 
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The ' H n. m. r. spectra of the crude pyrolysis product mixtures 
before chromatography suggested the presence of -vinylnaphthalene (1(7) 
and 2, 3 -dime thylnaphthal ene (1(8), by comparison with the ' H n. m. r. 
spectra of authentic samples of the compounds. 
Other products were present in small amount but these were 
not identified. 
Low pressure (0. 005 mm) vapour phase pyrolysis of 2,3-benzo-
7, 7-dibromo-1,6-dimethylbicyclo[4, 1, O]heptene (Li) at 3500  yielded 
1, Z-benzo-4-bromo-5-methyl-3-methylenecyclohepta_ 1, 4-diene (L2), 
1, Z -ben zo-4--bromo-3- methyl- 5.-methylenecyclohepta... 1, 3-.diene (L3), 
1, 2-benzo-4-bromo-3, 5-dimethyicyclohepta-1, 3, 5-triene (L4), 1, 2- 
benzo-6-bromo-5, 7-dimethylcyclohepta- 1, 3, 5-triene (L5) and 2-methyl-
i-vinylnaphthalene (L6). Below this temperature the product mixture 
contained a large proportion of the bicycloheptene (Li). Above the 
tempera ture, at 400 ° , only the cycloheptadienes (L2) and (L3) and the 
i-vi.nylnaphthaiene (L6) were found in the product mixture. Recycling 
the product mixture at 3500  once caused a reduction in the relative amount 
of the cycloheptatrienes (L4) and (L5) in favour of the methylenecyclo-
heptadienes (L2) and (11-3) and the naphthalene (L6). 
Low pressure 1 0. 005 mm) vapour phase pyrolysis of the cyclo-
heptatriene (L4) at 400 0 gave Z-methyl-i-vinyinaphthalene (L6) in 95% 
yield and this was separated from the residual cycloheptatriene (L4) by 
liquid phase chromatography on alumina. All the products were separable 
by chromatographic means. 
The cycloheptadienes (L2) and (L3) were identified by their 
n. m. r. spectra, their mass spectra and by analogy with the formation 
of the cycloheptadienes (J2) and (1(2) in the vapour phase from the bicyclo-
heptenes (Jl) and (1(1), respectively. The cycloheptatrienes (L4) and 
(L5) were identified by their 'H n. m. r. spectra, their mass spectra and 
by analogy with the formation, in the vapour phase, of the cycloheptatrienes 
(J3) and (J4) from the bicycloheptene (Ji). The 'H n. m. r. spectrum of 
the cycloheptatriene (L4) shows the presence of an olefinic proton as a 
triplet (J = 7. 5Hz) with further long range coupling to the methyl group 
Br 
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which resonates at 2. 105. Irradiation at the resonance frequency of 
this methyl group causes complete collapse of the quarted due to the 
Iona range coupling and leaves only a sharp triplet. 2-Methyl-i-vinyl--
naphthalene (K6) was identified from its 'H n. m. r. and '3C n. m. r. 
spectra, from its mass spectrum and by analogy with the formation of 
l-vinyinaphthalene (J5) from the bicycloheptene (Ji). 
Low pressure (0. 005) vapour phase pyrolysis of 2, 3-benzo-7, 7-. 
dibromo-1,4-dimethylbicyclo[4, 1, O]heptene (MI) at 400 and 450 0 yielded 
1, 2-benzo-4-bromo- 1 -methyi-3-methylenecyciohepta-1 , 4-diene (M2) 
and 4-methyl-1-v'inylnaphthalene (M5) in the ratio 1:2. Below 400 0 the 
major product was the bicycioheptene (MI) (83% at 350 0 ) with small 
amounts of the cycioheptadiene (M2), the naphthalene (M5), 1, 2-benzo-
4-bromo-3, 7-dimethylcyciohepta- 1, 3, 5-triene (M3) and 1, 2-benzo-6-
bromo-3, 7-dimethyicyclohepta-1, 3, 5-triene (M4). 
Recycling the product mixture from pyrolysis at 350 ° twice more 
decreased the relative amount of the bicycloheptene (MI) and increased 
that of the other products (M2)-(M5)andóf uncharacterised product 
material (7%). 
Vapour phase chromatography of the pyrolysis product mixtures 
allowed the separation of the products (M2) and (M5) but appeared to 
cause decomposition of the products (M3) and (M4). These latter two 
compounds were obtained free of the products (MZ) and (M5) by refluxing 
the cycioheptadiene (M2) with para-  toluene suiphonic acid in carbontetra-
chloride. After work-up, the product mixture contained the cyciohepta-
trienes (M3) and (M4), which were found to be inseparable. 
The compounds (M2) and (M5) were identified by means of their 
' Hn. m. r. spectra, their mass spectra and by analogy with the formation 
of the cycloheptadiene (J2) and l-vinylnaphthalene (J5) from the pyrolysis 
of the bicycloheptene (Ji) in the vapour phase. The cycioheptatrienes 
(M3) and (M4) were identified from clear resonances in a 1 H n. m r. 
spectrum of a mixture of the two and by analogy with the formation of 
cycloheptatrienes (J3) and (J4) and (L4) and (L5) from the bicycioheptenes 
















5.2 	Mechanisms of Decomposition of the Bicycioheptenes (Hi) 
and (MI) 
The major products from the low pressure vapour phase pyrolyses 
of the b'icycioheptenes (Hi), (Ji), (Ki), (Li) and (MI) can be envisaged 
as being formed via the following reaction pathways. 
Loss of hydrogen bromide and ring expansion to form benzo-
methylenecycioheptadiene s. 
Loss of hydrogen bromide and ring expansion to form benzo-
cycloheptatriene s. 
[1, 5]Hydrogen migration in the benzocycloheptatrienes formed 
by pathway (b) to form other benzocycloheptatrienes. 
Loss of a further molecule of hydrogen bromide from the 
cycloheptatrienes formed by route (c) to form l-vinylnaphthalenes. 
Further rearrangement of the cycioheptatrienes formed in 
routes (b) and (c) to form additional cycloheptatrienes. (Fig. 16). 
Of these routes (a), (b) and (d) may be considered as irreversible. 
Each of these pathways is discussed in detail below: 
(a) 	Loss of hydrogen bromide and ring expansion to form a methylene- 
cycloheptadiene is a thermally allowed concerted process as shown by 
the Zimrnerman-Dewar method of analysis. The transition state of this 
reaction would involve six electrons and have an even number of nodes 
(fig. 17) 	when the ring opening is disrotatory. Although there are two 
disrotatoryrrdes which are theoretically possible, one (mode A) would 
lead to the formation of a trans double bond 'in the seven membered ring 
and is therefore not observed. The observed rearrangement, following 
mode B, leads to acis double bond 'in the ring (Fig. 18). 
There are two positions for the methyl substituent which allow 
this type of decomposition, on C-i and on C-6 of the bicyclic system. 
The bicycloheptenes (Ji), (Li) and (Ml) undergo decomposition in this 
way with the methyl substituent on C-i of the ring system while the 
b'icycloheptenes (Ki) and (Li) follow this pathway with the methyl substituent 
on C-6 of the ring system. They form the cycloheptadienes (J2), (L2), 
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substituent at both C-i and C-6 and at all pyrolysis temperatures the 
product formed by loss of a hydrogen atom from the C-i methyl group 
predominates over the other product formed by loss of a hydrogen atom 
from the C-6 methyl group. This suggests that the hydrogen loss from 
the C-i methyl substituent is easier than from the C-6 methyl substituent. 
This is reinforced by the fact that the maximum observed percentage of 
methylenecycloheptadiene in product mixtures formed from the bicyclo-
heptene (Ki) is 20% while that from the compound (Ji) is 47%.  This 
can be rationalised if either the overlap in the transition slate involving 
loss from the C-i methyl group is more efficient than for the C-6 
substituent or if there is a greater stabilisation of the transition state by 
the benzene ring in the former case. 
This pathway is analogous to that described above for the formation 
of 2-bronio-3-phenylbutal, 3-diene (AZ) from the cyclopropane (Al). 
Loss of hydrogen bromide from the bicycloheptene and ring 
expansion to form a cycloheptatriene is also a thermally allowed concerted 
process, which proceeds via a disrotatory mode of ring opening. Using 
the Zimmerman-Dewar method of analysis, the transition state of the 
reaction involves six electrons and has an even number of nodes, the 
reaction may therefore be concerted. (Fig. 19). 	As for mechanism 
(a) only mode B of the two possible disrotatory modes will lead to a 
product which is observed. 
All the bicycloheptenes (H1)-(Ml) undergo this type of ring 
cleavage to form the cycloheptatrienes (H2), (J3), (1(3), (L4) and (M3) 
respectively. 
This mechanism is analogous to that described above for the 
formation of E-Z-br omo- 1 -phenylbuta- 1, 3-diene (B2) from the c yclo-
propane (B1Z). 
[1, 5]Hydrogen migration in the cycloheptatrienes formed by 
route (b) to form other cycloheptatrienes is a reversible thermally 
allowed concerted process which has been extensively studied 155,156,157  
and has already been discussed, section (1. 4. 3) (Fig. 20). 	By means 
of this mechanism the cycloheptatrienes (HZ), (J3), (K3), (L4) and (M5) 
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(M4), respectively. This route is analogous to that described for the 
interconversion of the pentad'ienes (C3) and (C5) formed in the vapour 
phase pyrolysis of the cyclopropane (CI). 
Low pressure vapour phase pyrolysis of 2, 3-benzo-7, 7-dibromo-
6-methyl-i -tr'ideuteriomethylbic yclo[4, 1, O]heptene (Li 0) at 4000  yielded 
a product mixture consisting of 1, 2-benzo-4-bromo-- 3 -dideuteriomethylene-
5-methylcyclohepta- 1, 4-diene (Li 1), 1, 2-benzo-4-bromo-5-methylene- 
3 -trideuteriomethyic yclohepta- 1, 3 -d'iene (Liz), i, 2-benzo-4-br orno-5-
rnethyl-3-trideuteriomethylcyciohepta -i, 3, 5-triene (L13), 1, 2-benzo-6-
bromo- 5-methyl -7-trideuteriomethyic yclohepta- 1, 3, 5-triene (L14) and 
1-(2, 2- dideuteriovinyl)- 2-methylnaphthalene (L15). The formation of 
these products is consistent with pathways (a), (b) and (c) and shows 
that there are no 'non allowed' processes taking place, involving the 
deuteriurr atoms. Routes (d) and (e) are not followed by all the bicyclo 
heptadienes. 
(d) 	The formation of vinylnaphthalenes is only significant from those 
bicycloheptenes which have a C-i methyl substituent. The most likely 
route involves a benzoc ycloheptatriene /norcaradiene interconversion 
followed by loss of one molecule of hydrogen bromide. The cyclohepta-
triene /norcarad'iene 'interc onver sion is a thermally allowed reversible 
process and has been discussed above, section (1. 4. 2). The equilibrium 
usually lies to the side of the cycloheptatriene but in this case the nor-
caradiene can react further in an irreversible concerted manner to form 
a 1-vinyl naphthalene, resulting 'in the cycloheptatriene/norcaradiene 
equilibrium producing more norcaradiene (Fig. 21). 	This will cause 
irreversible conversion of the cycloheptatrienes to the naphthalenes. 
Two pieces of experimental evidence are important 'in confirming 
this route. 
('i) 	Low pressure vapour phase pyrolysis of the cycloheptatriene (L4), 
described above, forms 2-methyl-i -v'inylnaphthalene. 
(ii) 	Low pressure vapour phase pyrolysis of 2, 3-benzo-7, 7-dibromo- 
6-methyl-i -trideuter'iomethylb'ic yclo[4, 1, 0]heptene (Li 0) at 400 ° yields 
a product mixture which contains 1-(?-, 2-dideuteriovinyl)- 2-methyl-




























as the only 1- yin ylnaphthalen e. 
Formation of the stable vinyl naphthalene nucleus is the thermo -
dynamic terminus of the reaction scheme no further reactions, other 
than polymerisation, being readily available. 
(e) 	The formation of the cycloheptatr'ienes (K5) and (1(6) from the 
bicycloheptene (1(1) was unexpected, however their formation can be 
rationalised as follows. 	(Fig. 22). The cycloheptatrienes (1(3.) and (1(4) 
can undergo a sequence of reactions involving [1, 5]hydrogen shifts, 
c ycloheptatriene /norcaradiene interc onver sion s and [1, 5]c arbon shifts 
all of which are thermally allowed processes and which are thought to 
occur for other cycloheptatrienes described here. The equilibria shown 
in Fig. 22  are not thought to have equal weighting, some may be virtually 
one sided. Evidence for the intermediacy .of the norcaradienes can be 
seen in the formation of the stable norcaradiene (P5) described later, 
section (5. 3). 	The formation of this norcarä.diene also suggests that 
the mechanism shown (Fig 22) rather than one involving [1, 5]carbon 
shifts across the aromatic bond in the cycloheptatriene ring would be 
preferred. 
In an attempt to gain further information about the formation of 
two products, (1(5) and (1(6), the low pressure vapour phase pyrolysis of 
2, 3-benzo-1-deuterio-7, 7-dibromo-6-rnethylbicyci0[4, 1, O]heptene (1(10) 
was studied at 4000.  A complex product mixture was formed, the major 
products of which were 1, 2-benzo-4-bromo-3-deuterio-5-methylenecyclo-
hepta-1, 3-diene (1(11), 1, 2-benzo-4-bromo-3-deuterio-5-methylcyclo-
hepta-1, 3, 5-triene (1(12), 1, 2-benzo-4-bromo-7-.deuterio-5-methylcyclo-
hepta- 1,3, 5-triene (1(13), 1, 2-benzo-6-bromo-3-deuterio-5-methylcyclo-
hepta- 1,3, 5-trieiae (1(14) and 1, 2-benzo-6-bromo-7-deuterio-5-methyl- 
cyclohepta-1, 3, 5-triene (1(15) together with minor products which included 
compounds analogous to the cycloheptatrienes (1(5) and (1(6) but of which 
the position deuteration was indeterminate. Consequently this experiment 
yielded no further confirmation about the mechanism of formation of the 
compounds (1(5) and (1(6) but the results are consistent with routes (a), 
(b) and (c). 
The above reaction pathways (a)-(e) do not have the same overall 
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activation energies consequently different proportions of products 
derived from each route are found. However as the temperature 
increases the discrimination between the independent pathways decreases. 
For example, at lower temperatures of pyrolysis of the bicycloheptene 
(ii) pathway. (b) predominates over pathway (a) while at higher tempera -
tures there is about 50% of product material deriving from route (a) and 
50% from route (b). 
5.3 	Rearrangements of 2, 3-Benzo-7, 7-dibromo-4, 4-dimethylbi- 
cyclo[4 , 1, Olheptene (Ni) and its i-Methyl Derivative 
Low pressure (0. 005 mm) vapour phase pyrolysis of 2, 3-benzo-
7, 7-dibrorno-4,4-dimethylbicyclo[4, 1, 0]heptene (Ni) at 3500  yielded 
mainly starting material (Ni) (65%),  4-bromo-7, 7-dimethylcyclohepta-
1, 3, 5-triene (Na) and another compound (N3). Recycling this product 
mixture produced little further decomposition of the bicycloheptene (Ni), 
54% remaining in the product mixture along with the products (Na) and 
(N3). There were however two other products 1, 2-benzo-4-bromo-6-
isopropeicyclohexa- I, 4-diene (N4) and 2, 3-benzo-5-bromo- 7, 7-
dimethyinorcaradiene (N7) present in small amount. Increasing the 
temperature of pyrolysis to 400
0 
 caused most of the bicycloheptene (Ni) 
to decompose giving the cyclohexadiene (N4) as the major product together 
with the cycloheptatriene (N2), the compound (N3), the norcaradiene (N7), 
3 -bromo - i -isopropenylnaphthalene (N5), -bromonaphthalene (N8), an 
unidentified compound (N9) and 8% uncharacterised material. A similar 
pyrolysis at 450
0 
 yielded the compounds (N4)-(N9), where the compound 
(N6) was not identified, together with 16% uncharacterised material and 
where j3-bromonaphthalene (N8) was the major product. 
The cycloheptatriene (N2) could not be separated from the corn-
pound (N3) but was identified from its 1 H n. m. r. spectrum which was 
clearly resolvable from that of the mixture and by analogy with the 
formation of the cycloheptatriene (Ha) from the bicycloheptene (Hi) in 
the vapour phase. The compound (N3) was not incontrovertibly identified 
but comparison of its 1 H n. m. r. spectrum (as resolved from the mixture 
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with the compound (N2) ) with those of the cycloheptatrienes (K4) and 
(M4) suggest that it might be 1, 2-benzo-6-bromo-3-methylcyclohepta-
1, 3, 5-triene. 	-Bromonaphthalene was separated by vapour phase 
chromatography and identified by comparison of its 1 H n. m. r. spectrum 
with that of an authentic sample (cf the compound (B5)). The compounds 
(N4) and (N7) were separable from the other products by vapour phase 
chromatography but it was not possible to obtain a pure sample of the 
compound (N7) it always being in a mixture with the compound (N4). The 
cyclohexadiene (N4) could however be obtained virtually free from the 
compound (N7) and was identified from its ' H n. m. r. spectrum which 
showed the following resonances: those due to the aromatic protons, 
Ha and  H   appearing as singlets, H. as a multiplet, H  as multiplets, H g 
as a doublet of doublets and the methyl group as a singlet. 
Amixture of the compound (N4) with a small amount of the norcara-
diene (N7) was split into two parts. The first part was refluxed for 2 h 
in solution with para -toluenes ulphonic acid and the product was found to 
be 3-bromo-1-isopropylnaphthalene, identified from its ' Hn.m,r. 
spectrum which showed the aromatic protons due to the naphthalene ring, 
a septuplet due to the aliphatic proton and a doublet due to the two methyl 
groups. 
The second part was refluxed with ortho chloranil for 66 h to give 
3-bromo-1-isopropenylnaphthalene (N5) as the major product. This was 
identified by comparison of its 1 H n. m. r. spectrum with that of the same 
compound obtained alternatively below, section (6. 3, p.56). These two 
reactions confirm the structure of the hexadiene (N4). The norcaradiene 
(N7) was identified by analogy with the formation of the norcaradiene (P5) 
in the vapour phase from the bicycloheptene (P1) and from its ' H n. m. r. 
spectrum resolved from a mixture with the hexadiene (N4). This 
spectrum shows the aromatic protons, Ha  as a singlet, 11b 
 and H as 
multiplets and the two methyl groups as singlets with very different 
resonant frequencies (0. 65 and 1. 30 6). The exceptionally low frequency 
of one of the methyl groups is due to the endo group being partly in the 
shielding region above the 1, 3-diene system and thus having a low 
resonance frequency. The same effect can be seen in the ' H n. m. r. 
R 'Br 
R = H,CH3 
/ H 3 C CH 3\\F 
Br 
	
H 3 C C.H3 	 H 3 C CH3 


















(N8) 	 (P6) 
47 
spectrum of 2, 3-benzo-6-methylnorcaradiene16' 166 where the endo 
proton resonates at -0. 176. 
The compounds (N6) and (N9) were not identified. The product 
mixtures, from all the pyrolyses, were examined for any sign of a 
compound with the 1, 2-benzo-4-bromo-3, 7-dimethylcyclohepta-1, 3, 5-
triene structure but no evidence for this compound was found. 
Low pressure (0. 005 mm) vapour phase pyrolysis of 2, 3-benzo-
7, 7-dibromo--1,4,4-trimethylbicyclo[4, 1, 0]heptene (P1) at 400 ° gave 
1, 2-benzo-7, 7 -dim ethyl-3-methylenecyclohepta- 1, 4-diene (P2), 1, 2-
benzo-4-bromo-3, 7, 7- trim ethylcyclohepta-1, 3, 5-triene (P3), E-1,2-
benzo-4-bromo- 3-methyl-6-isopropenylcyclohexa- 1, 4-diene (P4), 2,3- 
benzo- 5-bromo-4, 7, 7 -trim ethylnorcaradiene (P5), 2-bromo -4 -isopropyl 
1-methylnaphthalene (P6), an unidentified product (P7), the bicycloheptene 
(P1) and jmcharacterised material (15%),  with the compounds (P4) and 
(P5) being the major products. At temperatuxes below 400 0 , pyrolysis 
yielded 95%+  of the bicycloheptene (P1) and recycling experiments, 
attempting to reduce the amount of the bicycioheptene (PI), involving 
four cycles at 350
0 
 still yielded 65% of the starting material (PI). 
Increasing the temperature of the pyrolysis to 4500  gave the same major 
products, the hexadiene (P4) and the norcaradiene (P5), two uncharacterised 
compounds (P8) and (P9), heptadiene (P2), heptatriene (P3) and the com-
pound (P6) together with 23% uncharacterised material. 
The cycloheptadiene (P2) was separated from the product mixtures 
by preparative scale gas phase chromatography while cycloheptatriene 
(P3) could not be separated in this way. The compound (P3) was obtained 
pure by refluxing the cycloheptadiene (P2) with _par a-toluenes uiphonic acid 
in solution for 24. 5 h which yielded the cycloheptatriene (P3) as the sole 
product. 
The compounds (P4), (P5), (P6) were separated by preparative 
scale gas phase chrorra tography. Cyclohexadiene (P4) was identified 
from its mass spectrum and its ' H n. m. r. spectrum (Fig. 23 ). 	Its 
mass spectrum showed it to be a C 14 H15Br isomer with at least one methyl 
group. Its ' H n. m. r. spectrum shows aromatic protons, H as a doublet 
coupled to H   (J = 3Hz) which is a doublet of doublets (J = 3, 4. 5Hz) Ha 
fig* 23* 
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and H   as singlets and two methyl groups, one a singlet and one a 
doublet (J = 7Hz). Cyclohexadiene (P4) when refluxed with para-toluene-
suiphonic acid for 4 h yielded 2-bromo-4-isopropyl-l-methylnaphthalene 
(P6) as the sole product. This was identified from its ' H n. m. r. spectrum 
which showed five aromatic protons, a high frequency septuplet (J7Hz) 
an olefinic methyl singlet and two aliphatic methyl doublets (3 =7Hz), 
(Fig. 24 ). 	The norcaradiene (P5) was identified from its mass 
spectrum and from its H n. m. r. spectrum, in particular the ' H n. m. r. 
spectrum shows the characteristic low frequency resonance (0. 60 5) due 
to the endo methyl group. The other two methyl group resonances appear 
as singlets at lower field (1. 35, 2. 256) and the two cyclopropyl protons 
resonate at the same frequency. The compound (P7) could not be 
separated from t 	
1
he norcaradiene (P5) however H n. m. r. resonances in 
a mixture with the compound (P5) indicate that the compound could be 
1, 2-benzo-4-bromo- 3, 3- dimethyl- 7-methylenecyclohexa- 1,4 - diene. 
5.4 	The Mechanism of Decomposition of the Benzobicycloheptenes 
(NI) and (P1) 
The formation of the major products obtained from the vapour 
phase pyrolysis of the bicycloheptenes (NI) and (P1) can be rationalised 
as follows. 
The cycloheptadiene (P2) is considered as being formed by loss 
of hydrogen bromide and ring expansion, as in route (a) above, section 
(5. 2) and the cycloheptatrienes (N2) and (P3) similarly via route (b) above. 
The formation of the norcaradienes (N7) and (P5) can be explained 
by an initial cycloheptatriene/norcaradiene rearrangement of the cyclo-
heptatrienes (N2) and (P3) followed by a [1, 5] carbon shift analogous to 
those suggested in route (e) above, section (5. 2). (Fig. 25). 	After 
the [1, 5]carbon shift, the norcaradiene so formed is part of a conjugated 
aromatic system and it appears that this, together with the geminal 
dimethyl substituents allows the system to gain stability and be observed. 145, 
This is consistent with the work of Berson and Willcott 
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trienes involve 7, 7-disubstituted norcaradienes and Berson and Willcott 
showed that in 7, 7-dicyanonorcaradiene, rearrangement proceeded via 
a series of [1, 3]carbon shifts involving breaking and reforming of the 
C-i to C-7 bond. 
The formation of the isopropenylcyclohexadienes (N4) and (P4) 
is possible by a thermally allowed cyclic hydrogen shift in either of.the 
norcaradiènes (N7) or (P5) or their immediate precursors. These 
products should have the E-configuration. (Fig. 26). 
This is consistent with Ohioff's findings 	that the vapour phase 
pyrolysis of 3, 7, 7-trimethylbicyclo[4, 1, 0]heptene in the range 473-513 0  
gave specifically the E-type of product. 	The isopropenylnaphthalene 
(N5) can be considered as being formed from the hexadiene (N4) by loss 
of molecular hydrogen across the 3, 6-positions of the cyclohexadiene 
ring system. This is thermally allowed when the hydrogen atoms are 
on the same side of the ring system. The parent cyclohexa- 1, 4-diene 
is known '71 ' ' 1 eliminate hydrogen molecularly to yield benzene. 
-Bromonaphthalene (N8) can be considered as being formed from the 
hexadiene (N4) by a similar mechanism. in which isopropylene is lost 
instead of hydrogen. The orbitals involved in the transition state for 
the reaction could have the same phase as those involved in the loss of 
hydrogen and the reaction could therefore be thermally allowed. Since 
the analogous hexadiene (P4) does not have the correct groups opposite 
to permit loss of hydrogen this reaction is not observed for this molecule. 
Formally the compound (P6) can be formed by a non-concerted 
rearrangement of the norcaradiene (P5) or the heiene (P4) as is shown 
by the ac-id catalysed rearrangement of the hexadiene (P4) to the compound 
(P6). Whether acid catalysis is involved in the pyrolysis experiments 
is not clear, but if it does occur it is thought to be a pre- or post-vapour 
phase reaction in the reaction or receiver vessels. 
To attempt to gain further information about the mechanisms 
involved in these reactions 2, 3-benzo-7, 7-dibromo-4, 4- dimethyl- 1-
trideuteriomethylbicyclo[4, 1, 0]heptene (P 10) was pyrolysed in the vapour 
phase at 4000.  The major products were found to be 1, 2-benzo-4-bromo-
3- trideuteriomethyl- 6 -isopropenylcyclohexa- 1, 4- diene (P13), 1, 2-benzo- 
fig. 27 
  
Br 	 Br 











	 CH 3 
EF 
bi) 
4 -bromo -3- dideuteriomethylene- 7, 7- dimethylcyclohepta- 1, 4- diene 
(P1 1), 2, 3-benzo- 5-bromo-4-trideuteriomethyl- 7, 7-dirnethylnorcara-
diene (P14), 1, 2-benzo-4 -bromo -7, 7- dim ethyl- 3- trideuteriom ethyl- 
cyclohepta-1, 3, 5-triene (P12) and 2-bromo-4--isopropyl- 1-trideuterio-
methylnaphthalene (P15). Minor products were also present but were 
not identified. The presence of 2-bromo-4- iso ropenyl- 1- trideuterio-
methylnaphthalene (P15). 
The interconversion of the cycloheptadiene (P2) to the cyclo-
heptatriene (P3) using para- toluenes uiphonic acid is an acid catalysed 
one involving a series of protonation and deprotonation equilibria, 
however since the product was the cycloheptatriene (P3) these equilibria 
must lie to the right. (Fig. 27). 
5.5 	Decomposition onAlumina of the Bicycloheptenes (Hi) to (P1). 
Synthesis of the 2, 3-benzo-7, 7-dibromobicyclo[4, 1, O]heptenes 
(Hl)-(Pi) involves purification by alumina column chrorratography. It 
was found, however, on attempting to purify the 6-methyl derivative (Ki) 
using basic alumina, that it decomposed liberating hydrogen bromide 
gas, causing the column to heat up and bubble and yielding some of the 
cycloheptatriene (1(3). 
A good yield of the cycloheptatriene (1(3) could be obtained by 
dissolving the bicycloheptene (Ki) in carbon tetrachloride, adding basic 
alumina to form a slurry and heating under reflux. This was repeated 
with the other bicycloheptenes (Hi) to (P1) varying the time of heating 
from 2-4 h and it was found that the bicycloheptenes with a 6-methyl 
substituent would decompose to the corresponding cycloheptatrienes 
while those without a 6-methylsubstituent were stable under these con-
ditions. The reason for this is not clear. Thus the cycloheptatrienes 
(K3) and (LA) could be prepared from the corresponding bicycloheptenes 
in good yield. A mechanism involving base catalysis is given below 
(Fig. 28). 
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6.1 	Rearrangements of 2, 3-Benzo-7, 7-dibromo-- 1-ethoxybicyclo- 
[4, 1, 0]heptene 
2, 3-Benzo-7, 7-dibromo-- 1 -ethoxybicyclo[4, 1, O]heptene (Qi) when 
heated, at reflux, in carbontetrachioride, with alumina for 24 h yielded 
1,2-benzo-4-bromo-3-ethoxycyclohepta 1,3,5-triene (Q2) as the major 
product (80%). The compound (Q2) was identified by means of its ' H 
n. m. r. spectrum (fi g.29), its mass spectrum, which showed it to be a 
C 13 H 13 OBr isomer and by analogy with the formation of the benzocyclo-
heptatriene (1(3) on alumina from the bicycloheptene (1(1). 
Low pressure (0. 01 mm) vapour phase pyrolysis of 2, 3-benzo-7,7-
dibromo-l-ethoxybicyclo[4, 1, O]heptene (Q1) in the range 350-400 0 yielded 
1, 2-benzo-4-bromo-3-ethoxycyclohepta- 1, 3, 5-triene (Q2), 1, 2-benzo-6-
bromo-3-ethoxycyclohepta-1, 3, 5-triene (Q3), an unidentified compound 
(Q4), 1-naphthaldehyde (Q5) and uncharacterised material (< 2 5%). 
Pyrolysis at 300 ° yielded only the compounds (Q2), (Q3) and (Q4) together 
with starting material, (Ql). Pyrolysis at temperatures from 350
0 
 to 
450° yielded product mixtures with no bicycloheptene (Qi), increasing 
percentages of a-naphthaldehyde and decreasing percentages of the other 
products. 
a-Naphthaldehyde (Q5) was separated from the product mixtures 
by stirring them with aqueous sodium metabisuiphite, filtering off the 
crystalline product and regenerating the aldehyde with 10% aqueous mineral 
acid. It was identified by comparison of its 1 H n. rn. r. spectrum and its 
mass spectrum with those of an authentic sample. The products (Q2)_(Q4) 
were separated by column chromatography. The benzocycloheptatriene 
(Q3) was identified from its 1 H n. m. r. spectrum, which showed in addition 
to the aromatic and ethoxy resonances the presence of two olefinic. doublets 
( J =6. 5Hz) and a methylene singlet. This suggests that the olefinic protons 
are not coupled through the same double bond and the spectrum is consistent 
only with a structure where bromine and ethoxy respectively occupy the 6 
and 3 positions. The nearest alternative compound, 1, 2-benzo-3-bromo-
6-ethoxycyclohepta-1,3,5-triene, was rejected as not having a sufficiently 
high frequency methylene resonance. The compound, (Q4), was not 
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identified. Its ' H n. m. r. spectrum shows the presence of five aromatic! 
olefinic protons and one broad four proton resonance in the aliphatic 
region, while its mass spectrum shows the parent ion as 238/236. This 
suggests that the compound could be 2, 3-benzo-5-bromocyclohepta-2, 4-
dienone. Refluxing the bicyclpheptene (01) in 10% sodium ethoxide in 
ethanol also yielded the compound (Q4) together with unidentified material. 
Attempts to prepare 2, 3-benzo-7, 7-dibromo-6-ethoxybicyclo[4, J., 0]-
heptene, from -tetralone, in the usual manner; led to complex product 
mixtures from which the desired compound could not be isolated. 
The benzocycloheptatriene (Q2) can be considered as being formed 
by loss of hydrogen bromide and ring expansion, as described above, 
pathway (b), section (7. 2; p.41). 
The mode of formation of the cycloheptatriene (Q3) is not fully 
:understood but it is thought to proceed by an initial [i, 5]hydrogen shift 
in the cycloheptatriene (Q2) to form 1, 2-benzo-6-bromo-7-ethoxycyclo- 
heptatriene (Q6) which could then (a) either undergo a direct [1,5] ethoxy 
group shift to form 1, 2-benzo-4-bromo-. 7-ethoxycyclohepta- 1,3, 5-triene 
(07) or (b) ring close to form the norcaradiene (08) which could then 
regain its arornaticity by a transfer of the ethoxy group across the ring 
to form the cycloheptatriene (Q7). This would then undergo a [1,5] 
hydrogen migration to form the cycloheptatriene (Q3). 
The norcaradiene (08) can also re-aromatize by loss of ethyl 
bromide to form the aldehyde (Q5), (fig. 30). No evidence was found 
X or the cycloheptatrienes (06) and (07) in the product mixtures. 
6. 2 	Preliminary Studies of some Methyl, Ethoxybenzobicyclo[4, 1,01- 
heptenes. 
Generally these bicycloheptenes appear to be much less stable 
than the methyl or aryl substituted ones. 
Decomposition of 2, 3-benzo- 7, 7-dibromo-.6-ethoxy- 1 -methylbi-
cyclo[4, 1, O]heptene (RI) on alumina for 24 h yielded 1, 2-benzo-4--bromo-
5methy1cyclohepta-1, 3, 5-triene (R2) as the major product together with 
a small amount of uncharacterised material. The cycloheptatriene (R2) 
was identified from its 'H n. m. r. spectrum and byits mass spectrum and 
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by analogy with the formation of the cycloheptatriene (Q2) on alumina 
from the bicycloheptene (Qi). 
Low pressure (0. 005 mm) vapour phase pyrolysis of 2, 3-benzo-
7, 7-dibromo-6-ethoxy-l-methylbicyclo[4, 1, 0]heptene (RI) in the range 
300-450
0 
 produced product mixtures, the ' H n. m. r. spectra of which 
was so complex that no accurate estimate of the relative proportions of 
the products could be made. 
Treatment of the product mixtures with carbontetrachioride gave 
a white precipitate, which was found to be 4, 5-benzo-3-methylcyclohepta-
2, 4, 6-trienone (R3), by comparison of its ' H n. m. r. spectrum with that 
of an authentic sample. 
Preparative vapour phase chromatography of the reaction mixture 
gave four compounds: the benzocycloheptatriene (R2), identified from its 
n. m. r. spectrum, as above; a compound (R4) which was not unambigu-
ously identified but whose 'H n. m. r. spectrum shows aromatic protons, 
two olefinic proton doublets (J = 12. 5Hz), aliphatic proton resonances and 
one methyl resonance. This suggests the possible presence of either 
4, 5-benzo-6-methylcyclohepta-2, 4-dienone or the 7-br omo derivative; .a 
compound (R5) considered to be 4, 5-benzo-3-methylcyclohepta- 2, 4-dienone, 
the H n. m. r. spectrum of which shows four aromatic protons, one olefinic 
proton as abroad singlet and aliphatic resonances integrating for four 
protons; 4, 5-benzo-2-bromo-3-methylc yclohepta-2, 4-dienone (R6), which 
was identified by comparison of its 1 H n. m. r. spectrum with that of an 
authentic sample. Comparison of the ' H n. m. r. spectra of the product 
mixtures with those of the eluted compounds showed that some products 
were not eluted. Attempts to achieve a separation on alumina yielded 
additionally a mixture of two compounds whose ' H n. m. r. spectrum 
suggested that one of the compounds was 2-bromo-3-ethoxy-1, 4-dimethyl-
naphthalene. The presence of 2- ethoxy- 1- vinylnaphthalene, which might 
be expected by analogy with the rearrangement of the bicycloheptene (51) 
to 1-vinylnaphthalene, is suggested by the presence of vinyl and ethoxy 
resonances not otherwise assigned. 
2, 3- Benzo- 7, 7-dibromo- 1 -ethoxy- 6 -methylbicyclo[4, 1, O]heptene 
(Si) decomposed on alumina over 24 h to yield three products; 1, 2-benzo-
4-br omo-3-ethoxy-5-methylc yclohepta- 1, 3, 5-triene (S2), a compound (S8) 
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and 2 2 3-benzo-6-methylcyclohepta-2,4,6-trienone (S3), in the ratio 2:1:2, 
which were separable by column chromatography to give the cyclohepta-
triene (S2) followed by vapour phase chromatography to give the compounds 
(S8) and (S3). The cycloheptatriene (S2) was identified from its 1 H n. m. r. 
13 
spectrum, its C n. m. r. spectrum and its mass spectrum and by 
analogy with the formation on alumina of the cycloheptatriene (QZ) from 
the bicycloheptene (Qi). The cycloheptatrienone (S3) was identified from 
its ' H n. m. r. spectrum which is very similar in appearance to that of the 
trienone (R3).. The compound (S8) was not identified, its ' H n. m. r. 
spectrum showing the presence of the aromatic protons, a two proton 
resonance, at 3. 65. appearing as a quartet (J3Hz) coupled to a methyl 
resonance at 2. 55 and a methyl resonance which was a singlet. 
Low pressure (0. 005 mm) vapour phase pyrolysis of 2, 3-benzo-7, 7- 
dibromo-i-ethoxy-6-methylbicyclo[4, 1, 0]heptene (Si) gave a very low yield 
of product mixture, the ' H n. rn. r. spectrum of which was too complex for 
an accurate estimate of the relative proportions of the products to be made. 
Alumina column separation suggested the presence of the following 
compounds: the tr'ienone (53) and the compounds (S4), (S5) and (S7). The 
compounds (S4), (S5) and (S7) were not incontrovertably identified, the 
n.m. r. spectrum of the compound (S5), together with the compound (S3), 
which shows 4 aromatic protons, a broad one proton olefinic singlet at 
6.055 2 two mutually coupled two proton mult'iplets in the aliphatic region 
and a methyl group at 1. 05 which is probably bonded to an olefinic resonance 
suggested it to be 2, 3-benzo-6-methylcyclohepta-2, 6-dienone. The 
detection of the cycloheptatriene (S2), a likely product by analogy with the 
vapour phase pyrolysis of the bicycloheptene (Qi), was not possible since 
its proton resonances were obscured by those of the other products. The 
presence of 2-methyl-i-naphthaldehyde (S6) was inferred from clear resonan 
in the ' H n. m. r. spectra of the crude product mixtures. This compound 
might be expected by analogy with the decomposition of tFe bicycloheptene 
(Ql). 
Decomposition of 2, 3 -benzo- 7, 7-dibromo- 1- ethoxy-4-methylbicyclo-
[4, 1, 0]heptene (Ti) on alumina yielded 1,2-benzo-4-brorno-3-ethoxy-7-
methylcyclohepta-1,3,5-triene (T2) in 90% yield. This compound was 
















identified from its ' H n. m. r. , 	n. m. r. spectra, its mass spectrum 
and by analogy with the formation, on alumina, of the cycloheptatriene 
(Q2) from the bicycloheptene (Qi). 
Low pressure (0. 005) vapour phase pyrolysis of the bicycloheptene 
(Ti) at 250 0 yielded the two compounds (T2) and (T3) in equal amounts. 
Increasing the temperature of pyrolysis to 3000  caused a decrease in yield 
of the cycioheptatriene (T2), and 4-methyl-l-naphthaldehyde (T4) and a 
compound (T5) were also formed. Increasing the temperature further 
caused an increase in the amounts of the compounds (T4) and (T5) and a 
decrease in that of the cycloheptatriene (T2), until none remained. 
The compound (T3) was not conclusively identified but its 1 H n. m. r. 
spectrum and its mass spectrum suggest that it is either 2, 3-benzo-6-bromo 
methyic yclohepta- 2, 6-dienone or 2, 3 -benzo- 5-bromo- 7-methylc yclohepta-
2,4-dienone. The mass spectrum shows parent ions at 250 and 252 mass 
units and shows 'Loss of a methyl group. The ' H n. m. r. spectrum includes, 
apart from 5 aromatic/olefinic protons, one proton at 3. 105 as a doublet 
of quartets (J7, 4Hz), two protons at 2. 855 as a doublet of doublets (3=4, 
5Hz) and a three proton resonance appearing as a doublet (J=71-lz). The 
naphthalene derivative (T4) was identified from its ' H n. m. r. spectrum, 
its mass spectrum and by analogy with the formation in the vapour phase 
of l-naphthaldehyde (Q5) from the bicycloheptene (Ql). The compound 
(T5) was not identified, its ' H n. m. r. spectrum showing a series of 
aromatic muitiplets extending over nearly 2 p.p. m. 
The formation in the vapour phase of the benzocycloheptatrienes 
(RZ), (S2) and (T2), the vinyl-naphthalene (R8) and the 1-naphthaldehydes 
(S6) and (T4) can be respectively rat'ionalised by route (b), section (5. 2), 
route (d), section (5. 2) and the same pathway as that described for the 
formation of 1-naphthaldehyde (Q5), section (6. 1). 
The formation of the bromobenzocycloheptadienone (R6) can be 
rationalised by loss of ethylene from the benzocycloheptatriene (R2). A 
similar fragmentation of the benzocycloheptatriene (S2) would lead to a 
compound which by concerted loss of HBr would yield the benzocyclohepta-
trienone (S3). Formation of the benzocycloheptatrienone (R3) can be 
rationalised by the cycloheptatriene (R2) 	Undergoing a [i, 5] hydrogen 
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shift to yield 1, 2-benzo-6-bromo- 7-methyl-5-.ethoxycycloheptatriene 
which would then loose ethylene and hydrogen bromide in such a way that 
it would be possible for the compound (R4) in one of its possible structures 
to be an intermediate, (fig. 31). No resonances that could be assigned 
to the intermediate benzocycloheptatriene were observed in the pyrolysis 
product mixtures and the compound was not isolated. 
The mode of formation of the dieneones (R5) and (S5) is not clear. 
6.3 	Decomposition of 2,3-Benzo.-7, 7-dibromo-4,4-dimethyl-1- 
ethoxybic yclo[4, 1, O]heptene (Vl). 
2, 3-Benzo-7, 7-dibromo-4, 4-dimethyl--1-ethoxybicyclo[4, 1,0]-
heptene (VI) was decomposed on alumina over 16 h to give 1, 2-benzo-4-
bromo-7, 7-dimethyl-3-ethoxycyclohepta-1, 3, 5-triene (V2) in the ratio 
1:1.2. - 
The cyclohptatriene (V2) was identified from its: ' H n. m. r. 
spectrum and its mass spectrum and by analogy with the formation of the 
cycloheptatriene (QZ) on alumina from the bicycloheptene (Qi). 
Low pressure (0. 005 mm) vapour phase pyrolysis of the cyclo-
heptatriene (V2) at 4000  yielded an uncharacterised compound (V3), E- 
1, 2-benzo-4-bromo-6-isopropenylcyciohexa.-i,3-diene (V4), 3-bromo-1-
isopr open ylnaphthalene (V5) and 2, 3-benzo-5-bromo-7, 7-dimethyl-4-
ethoxynorcaradiene (V6). 
Low pressure (0. 005 mm) vapour phase pyrolysis of the bicyclo-
heptene (Vi) at 325 and 350 ° yielded the cycloheptatriene (V2) and the 
compound (V3), the 
I 
 H n. m.r. spectrum of which would be consistent with 
ether 2, 3-benzo-5-bromo-7, 7-dimethylcyclohepta-2,4-dienone or 2,3-
benzo-6-bromo-4, 4-dimethylcyclohepta-2, 6-dienone and which is analagou 
to the 1 H n. m. r. spectrum of the compound (T3). Lowering the temperatur 
of pyrolysis to 300° yields only the cycloheptatriene (VZ), the bicycloheptene 
(Vi) and uncharacterised material while raising it to 400 0 yields very little 
of the cycloheptatriene (V2), some of the compound (V3), the cyclohexa.dien 
(V4) and p-bromonaphthalene (V7). Raising the temperature of pyrolysis 
still further yields none of the cycloheptatriene (V2) and less of the 
H 5 C 20 Br2 	
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norcaradiene (V6) but has little other effect on the ratios of products. 
The cyclohexadiene (V4) was identified from a ' H n. m. r. spectrum 
of a mixture which contained a small amount of unidentified product 
material from which it could not be separated. The spectrum shows four 
aromatic protons, a one-proton olefinic singlet with small splitting at 
6. 756, two broad olefinic methylene resonances, a one proton triplet at 
3. 76 (J=8Hz) coupled to a two proton doublet at 2.856 and an olefinic 
methyl resonance at 1. 76. The isopropenylnaphthalene (V5) was identified 
from its mass spectrum, which showed it to be a C 13 H 11 Br isomer, its 
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n. m. r. and 1 H n. m. r. spectrum, which showed the presence of six 
aromatic protons, two olefinic ones and one methyl group. To help to 
confirm the structures of the hexadiene (V4) and the naphthalene (V5), 
the cyclohexadiene (V4) was refluxed with par a-toluenesuiphonic acid 
for 4 h to yield 3-bromo-1-isopropylnaphthalene (V8) as the sole product. 
Its structure was deduced from its ' H n. m. r. spectrum which in addition 
to the aromatic protons showed a one proton septuplet (J=7Hz) at 3.706 
coupled to a six proton doublet. A 1:1 mixture of the cyclohexadiene 
(V4) and the naphthalene (V5) was refluxed with ortho-chloranil for 16 h;. 
the product mixture having been examined after 5, 10 and 16 h. The 
product indicated complete conversion to the naphthalene (V5). Thus 
cyclohexadiene (V4) must differ from naphthalene (V5) only by two 
hydrogen atoms. The norcaradiene (V6) was not isolated, but a 1 H n. m. r. 
spectrum of a mixture of the compound (V6) with the cycloheptatriene .(v2) 
was resolved and allowed identification. This formation of the norcardiene 
(V6) is also analogous to the formation of the norcaradienes (PS) and (N7) 
in the vapour phase from the bicycloheptenes (P1) and (Ni) respectively. 
-Bromonaphthalene (V7) was separated by vapour phase chromato -
graphy and identified by comparison of its 1 H n. m. r. spectrum and mass 
spectrum with those of an authentic sample. 
The cycloheptatriene (V2), the norcaradiene (V6), the cyclohexa-
1, 3-diene (V4) and the is opr open ylnaphthalene (V5) can be considered as 
formed by pathways analogous to those described above for the formation 
of the cycioheptatriene (HZ), by pathway (b), section (5. 2), that of the 
fig-32. 
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norcardiene (P5) in section (5. 4) and that of the is opr open yln aphthalene 
(N5 ==V5), with loss of acetaldehyde to form the hexadiene (V4) and with 
loss of ethanol to form the naphthalene (V5) rather than hydrogen (fig. 32). 
In this case however the intermediate 1, 2-benzo-5-bromo-6-ethoxy-3-
isopropenylcyclohexa-1,4-diene was not isolated or observed. The 
formation of P-br omonaphthaiene is thought to be by a non-concerted 
process and its mechanism is not clear. 
The conversion of the diene (V4) to the naphthalene (V8) is acid 
catalysed and will proceed via a series of protonation and deprotonation 
steps while that of the diene (V4) to the naphthalene (V5) using ortho-
chioranil is by removal of the C-3, C-6 hydrogen atoms to form the 
corresponding  hydroquinone. 
The product mixture from pyrolysis of the cycloheptatriene (V2) 
is consistent with the suggested reaction pathways. 
The decomposition on alumina of all the ethoxy derivatives of 
2, 3-benzo-7, 7-dibromob1cyclo[4, 1, O]heptene is thought to be base catalysed 
and has been described above, section (5. 50. The bicycloheptene (Si) 
however was the only non-deuterated bicycloheptene, studied, to yield other 
Products than the analogous cycloheptatriene. No explanation other than 
the greater reactivity of the ring to base catalysis is clear. 
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7.1 	Rearrangement of some Aryl Substituted Benzobicyclo[4, 1, 0] 
heptene s. 
Low pressure (0. 005 mm) vapour phase pyrolysis of 2,3-benzo-1-
phenylbicyclo[4, 1, 0]heptene (WI) in the range 300 to 350 0 yielded three 
main products, 1, 2-benzo-4-bromo-3-phenylcyclohepta- 1, 3, 5-triene (W2), 
1, Z-benzo-6-bromo- 1 -phenyicyclohepta- 1, 3, 5-triene (W3) and 1 -benzyl-
naphthalene (W4) together with some starting material (5-15%) and un-
identified material (< 10%). Pyrolysis at 400 0 gave largely l-benzyi-
naphthalene (W4) (ca 60%) together with some of the benzocycloheptatrienes 
(W2, W3; ca 20%) and unidentified material, possibly polymeric in nature. 
l-Benzylnaphthalene was separated by alumina chromatography 
and identified by comparison of its 'H and '3C n. m.r. spectra and melting 
point with those of an authentic sample. The cycloheptatrienes (WZ) and 
(W3) were inseparable by vapour phase and alumina chromatography. They 
were identified by resolution of the ' H n. m. r. spectrum of the mixture and 
by analogy with the formation of the c ycloheptatriene s (HZ) and (H3) from 
the bicycloheptene (Hi), section (5. 1). The ' H n. m. r. spectrum of the 
cycloheptatriene (WZ) showed, in addition to the aromatic resonances, a 
doublet (J=lOHz) at 6. 305 due to the C-5 proton, a doublet of triplets 
(J10, 7Hz) due to the C-6 proton and an aliphatic doublet (J=7Hz) at 3. 155 
due to the methylene protons in C7. The resolved 'H n. m. r. spectrum of 
the cycloheptatriene. (W3) showed, in addition to the aromatic protons, an 
olefinic doublet (J11. 5Hz) due to the C-3 proton coupled to the C-4 proton 
which is a doublet of doublets (J=li. 5, 7Hz) and which is coupled to the C-S 
proton which resonates as a doublet (J7Hz) with the C-7 proton appearing 
as a broad singlet. 
Analagous rearrangements were observed in the pyrolyse s of 2, 3-
benzo- 7, 7-dibromo- 1 -(para-methoxyphenyl)-bic yclo[4, 1, O]heptene (Yl) 
and 2,3 -benzo-7, 7-dibromo- 1-(meta-trifiuoromethy].phenyl)-bicyclo[4, 1, 0]-
heptene (Z 1). At 300° 1, Z-benzo-4-bromo-3-(para-methoxyphenyi)-
cyclohepta- 1, 3, 5-triene (Y2), 1, 2-benzo-6-bromo-7-(para-methoxyphenyl)-
cyclohepta-1, 3, 5-triene (Y3), 1, 2-benzo-4-bromo-3-(meta-trifluoromethyl-
phenyi)-cyclohepta- 1, 3, 5-triene (ZZ) and 1, 2 7 benzo-6-bromo-7- (meta- 
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trifluoromethylphenyl)-cyclohepta-1, 3, 5-triene (Z3) were the major 
products, whereas at 4. 00 . l-(para--methoxybenzyl) -naphthalene .(y4) and 1-
(para-fluoromethyibenzyl)-naphthalene (Z4) predominate. As the temperature 
of pyrolysis increased, the quantity of uncharacterised material increased 
and the amount of the starting material decreased. 
The benzocycloheptatrienes were inseparable as before and 
were identified from ' H n. m. r. spectra of the mixtures. The ben zyl-
naphthaleneswere separable, by chromatography, from the product mixtures 
and were identified from their 'H n. m. r. spectra and their mass spectra. 
7. 2 	 Mechanism of the Deceomposition of the Aryl Substituted 
Benzobicyclo[4, 1, 01heptenes (WI, Yl, and Zi). 
As for the formation of the cycioheptatriene (HZ) from the 
bicycioheptene (Hi) in the vapour phase, the cycloheptatrienes (Wa), (Y2) 
and (Z2) are thought to be formed via loss of hydrogen bromide and ring 
expansion of the parent bicycloheptene. This has been described above as 
route (b), section (5. 2). Similarly the cycloheptatrienes (W3), (Y3) and (Z3) 
are thought to be formed by route (c) described above in section (5. 2), that 
is by a [I, 5]hydrogen shift in the cycloheptatrienes formed from the bicyclo-
heptenes by route (b). It is worthy of note that the product distribution 
suggests that the rearrangements proceed with increasing ease along the 
series (Yl) > (WI) > (Zi). 
The mechanism of formation of the benzyinaphthalenes (W4), (Y4) 
and (Z4) is not clear at present. Since the reactions involve loss of only two 
bromine atoms per molecule, these products must be formed directly from 
the benzo bicycloheptenes and not from the cycloheptatrienes. 
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8. 1 	Variable Temperature Nuclear Magnetic Resonance Studies. 
Cycloheptatrienes undergo ring inversion at rates which allow the 
process to be studied in a n. m. r. spectrometer. Where the cyclohepta-
trienes formed in the pyrolyses discussed above could be separated from the 
1 
other products, their H n. m. r. spectra were studied at varying temperatures 
on the 100 MHz n. m. r. spectrometer, in an attempt to study the effect of the 
7-membered ring substitution pattern on the activation energy of the inver-
sion process. 
In these molecules the carbon atom, C-7, bears two substituents, one in 
a pseudo axial and one in a pseudo equatorial position. During inversion the 
substituents interchange positions. The appearance of the ' H n. m. r. spectrum 
of a cycloheptatriene is strongly dependent on the rate of the process and thus 
temperature dependent. Where the exchange is fast' and the substituents 
are identical a single resonance is present and where the exchange is "slow" 
two distinct resonances are present at chemical shifts corresponding to a 
pseudo axial and a pseudo equatorial substituent. Where the exchange is at 
an intermediate rate a broad resonance is observed. This point is called 
coalescence. 
An estimate of the energy of activation for ring inversion can be made 
from the coalescence temperature, the chemical shift difference between the 
pseudo axial and pseudo equatorial substituents and any coupling frequencies 
involved can be made from the following equations ( I ) ( 2 ) and  ( 3  ). 
k 	(V 	 no coupling 	eq (1) 
k 	= ()f(v.2 	12) coupling 	eq (2) 
G 	- RT in (kh/K 1 kT) 	 eq (3) 
Wherev = chemical shift difference between the two states of the nuclei, 
when the ring is not inverting. 
3 = coupling constant between the inverting nuclei, when the ring 
is not inverting. 
k = frequency of ring inversion 
H H b 	a 
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AG 	= free activation energy for the ring inversion. 
1 
K = probability of inverting nucleus at maximum energy going 
to either state = 0. 5. 
k = Boltzmann constant. 
	
h 	= Planct{s constant. 
R 	gas constant. 
coalescence temperature. 
The accuracy of results using equations (1) and (2) has been questioned 17--  
but as has been shown ' 74there is a logarithmic relationship between AG  and 
k, consequently large errors in k result in only small errors in the 
estimation of AG 
8.2 	Variable Temperature n. m. r. Studies of some Substituted Benzo- 
cycloheptatrienes 
Using equations (1), (2) and (3) the results shown in table 10. 11 were 
calculated. The ' H n. m. r. spectra of the benzocycloheptatriène. (1(3) are 
shown as examples (fig. 34) of the type of spectra obtained. From the results, 
the differences in activation energy reflect the size of steric hindrance 
encountered, by the different s.ubstituents on the cycloheptatriene ring, during 
the ring inversion process. 
The molecules can be groupd together as follows:- 
Group 1: 	The cycloheptatrienes (K3), (1(4), (1(5), (Q2) , (52)))( Q3). 
Group 2: 	The cycloheptatrienes (W2), . and (J4). 
Group 3: 	The cycloheptatrienes (V2) and (P3). 
Group 4: 	The cycloheptatrienes (L4), (L5), (R2)and (S2). 
Group 1 molecules have a relatively low activation energy to this 
process and examination of scale models suggests that they all experience 
slight steric interference during ring inversion. As the cycloheptatriene 
(1(3) inverts, the substituents on the C-4 and C-S positions pass each other 
due to the twisting motion of the two adjacent non coplanar double bonds, 


































steric interference of the C-5 substituent and the C-4 proton appears to arise 
from a buttressing effect of the C-6 subs tituent on the C-5 one, pushing it 
nearer to the adjacent C-6 proton. It is thus similar to the case of the 
previous cycloheptatriene (K3). The cycloheptatrienes (Q2) and (Q3), which 
are also of similar activation energy, show slight steric interference of the 
C-3 ethoxy group with the adjacent aromatic proton and the results indicate 
that the bromine atoms in the compounds (Q2) and (Q3) are having a similar 
but very small effect on the inversion process. 
Group 2 molecules have slightly higher energy of activation to the 
ring inversion. In the cycloheptatriene.. (W2) - 	the main steric 
hindrance to ring inversion arises from the interaction of the C-3 substituent 
with the ortho aromatic proton analogous to that found in the cycloheptatriene 
(Q2). This implies that the 	'phenyl group is at right angles to that of the 
cycloheptatriene ring making the phenyl group and the methyl group of 
approximately equal size in the plane of the cycloheptatriene ring and that the 
ethoxy group is effectively smaller than either of the other two groups. The 
cycloheptatriene (J4) is of similar energy and stereo models suggest that 
interference of the pseudo equatorial substituent, on C-7 of the cyclohepta-
triene ring, with the adjacent substituents on both rings is approximately equal 
to that felt by a C-7 pseudo axial substituent due to the 3, 4-double bond, 
resulting in 50% of each isomer. Stereo models, however, do not clearly 
show any increased steric hindrance in passing through the transition state. 
The molecules in group 3, (P3) and (V2), also have an intermediate 
activation energy to inversion, they show the same steric interactions as the 
molecules (W2), (J3) and (Q2), with the same smaller effect of the ethoxy 
group as compared to the methyl group but they have higher activation energies 
than the analogous compounds (J3) and (Q2), (SkJmol 
1 
 and 12kJ mol 
1 
 respec-
tively). As for the molecule (J4), stereo models do not clearly show why this 
increase is found. 
The group 4 molecules have the highest activation energy of those studied 
The highest of these is the cycloheptatriene (L4), due to the interaction of the 
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C-3 methyl group with the ortho aromatic proton, analogous to the molecule 
(J3), together with the interaction, in passing, of the methyl group and bromine 
atoms on G-5 and C-4 and possible buttressing effects of all four active moieties, 
resulting in greater steric hindrance. The cycloheptatrienes (R2) and (S2) 
will experience exactly the same form of steric hindrance to ring inversion 
as the molecule (IA), but the molecule (R2), which has the ethoxy group on 
C-5 is much closer in activation energy to the cycloheptatriene (L4) than is 
the compound (S2). This is consistent with the ethoxy group being effectively 
smaller than the methyl group and it shows that the effect of a bulky group on 
the C-3 position is much more important in determining the activation energy 
than that of a substituent on the C-5 position. The molecule (L5) has similar 
steric interactions to those of the molecule (J4) but it also has the bromine 
atom buttressing the adjacent methyl group onto the C-.4 proton resulting in an 
increase in the activation energy of 12k3 mol 1 . 
It is interesting to note that 1, 2-benzo-4-bromo-5-methoxy-3-methyl-
cycioheptatriene has been found '24 to have exactly the same activation energy 
as the 3- ethoxy derivative (R2), confirming the suggestion that the effective 
bulk of the ethoxy group in the ring inversion is in the oxygen atom rather than 
the group as a whole, the ethyl or methyl parts of the group being able to stay 
well clear of the other substituents, 
fig . 33. 
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9. 	Independent Syntheses 
9.1 	2-Brorno-3-methylindene 
3.-Methylindene was brominated, using bromine in carbontetrachito ride 
and the- resulting mixture was dehydrobrominated using ethanolic potassium 
hydroxide. The product mixture was found to contain 2-bromo-3--methyl-
in.dene (A3) and 1-bromo-1--methylindene in the ratio 4:1. The two products 
arise from the two possible routes for loss of hydrogen bromide, as shown 
(Fig. 33). 
The two products were separable on alumina and the indene (A3) was 
identified from its mass spectrum, which showed it to be aC 10 H9Br isomer 
with a methyl group and its ' H n, m. r. spectrum, which showed the aromatic 
protons, the methylenic protons as a quartet (J = 2. 5Hz) and the methyl protons 
as a triplet (j = 2.5Hz). The structure of 1-bromo-1-methylindene was 
deduced from its 1 H n. m, r. spectrum, which showed both of the olefinic 
protons as doublets (J = 6Hz) and the methyl group as a singlet. 
S. 
EXPERIMENTAL SECTION 
10.1. 	GENERAL INTRODUCTION 
Materials: Unless otherwise stated liquids and solutions 
were dried over anhydrous magnesium sulphate, which had been 
kept in an oven for 24 h, and anhydrous potassium carbonate. 
Light petroleum refers to the fraction b. p.  30-40°C and this was 
redistilled before use. Nitrogen was the B. 0. C. "oxygen free 
grade. " Glass wool was cleaned by continuous elution with boiling 
carbon tetrachloride for 8 h and dried in an oven at 100 °C for 8 h 
before use. Melting points (m. p.) and boiling points (b. p.) are 
uncorrected. Unless otherwise stated commercially available 
chemicals were used without further purification. Benzene, ether 
and tetrahydrofuran were dried over sodium wire. 
10.1. 2 	Chromatography 
Column Chromatography: B. D. H. neutral alumina (Brockmann 
grade 1), Spence type-H basic alumina (Brockmann grade 1 or 2) 
and Laporte Industries U.G.1 80-100 mesh were used. 
Thin Layer Chromatography: (t. 1. c.) Merk silica gel CF 254was 
used. Layers of 0. 25 mm and 1.0 mm were used for analytical 
and preparative work respectively. 
Gas Liquid Chromatography: (g. 1. c.). A Griffin and George D6, 
fitted with a gas density balance detector, utilising glass columns 
of 2 m in length, packed with silanised, acid washed Chromosorb 
P (80-100 mesh) coated with 5% (w/w) neopentylglycolsuccinate 
(NPGS) was used with nitrogen carrier gas at an inlet pressure of 
15 p.  s. i. A Pye 105 automatic preparative gas chromatograph with 
a flame ionisation detector using nitrogen carrier gas at an inlet 
pressure of 30. p.  s. i. was also used. Columns for this instrument, 
either 5 m or 2 m long, were packed with Phaseprep A coated with 
25% (w/w) or 10% (w/w) polymetaphenylether (PMPE) or NPGS 
and were used for both analytical and preparative work. 
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10. 1. 3 	Spectroscopy 
ared Spectroscopy: (i. r.). Spectra were recorded either on 
a tJnicam SF 200 spectrophotometer or on a Perkin-Elmer 151 G 
grating spectrophotometer as liquid films or as nujol mulls. 
Mass Spectroscopy: (m. s.). Spectra were recorded on an A. E. I. 
MS-902 double focussing instrument. Exact mass measurements 
were determined by peak matching usually to within. 5 p. p. m. of 
the calculated values. AV. G. micromass 12 single focussing 
instrument linked to a gas chromatograph was also used. 
Proton Magnetic Resonance Spectroscopy: ( 1 H n. m. r.). Spectra 
were recorded, at 28 °C, either on a Varian EM-360 spectrometer 
(60M Hz; 14, 100 gauss) or on a Varian 1{A-100 spectrometer (100 
M Hz; 23,490 gauss), The latter instrument was also used for 
variable temperature work and for homonuclear and heteronuclear 
spin decoupling. Chemical shifts (6) are expressed in parts per 
million (p. p.m.) relative to tetramethylsilane (T. M S.) as 6O, 
used as an internal standard. 
Carbon-13 Ma gnetic Resonance Spectroscopv: ( 13C n.m.r.) 
Spectra were recorded using either a Varian XL-100 spectrometer 
(252 M Hz, 23, 500 gauss) with a variable temperature and 
heteronuclear decoupling capacity or on a Varian CF Ti- 20 spectro-
meter (20M Hz; 18, 682 gauss) at 35-38 0C. Chemical shifts (.8.;) 
are expressed relative to T. M. S. as 60 
10.2 	PREPARATION OF STARTING MATERIALS 
10.2. 1 	Potassium t-butoxide was prepared by the careful addition 
of potassium (80 g, 2. 1 mol) to anhydrous t-butanol (1. 7 1) under 
nitrogen and gently refluxing for 15 h. Excess t-butanol was removed 
0 
under reduced pressure (100 , 15 mm). The resulting white solid 
was the 1:1 complex {(CH 3 ) 3COK-(CH3 ) 3COH]. The potassium t-
butoxide was used as the 1:1 complex with t-butanol, 65% (CH3)3COK 
by titration against standard dilute hydrochloric acid and all other 
mention of potassium t-butoxide refers to this complex. 
	
10.2. 2 	Methanol -d was prepared 175 	by refluxing dimethyl 
carbonate (400 g, 4.44 mol), water-d 2 (100 g, 5 mol) and dimethyl 
sulphate (16 g, 0.13 mol) for 72 h under *nitrogen. Methanol-d 1 
(400 g) was seen to be greater than 99% pure using a comparison of 
the COH resonance intensity with those of the 13 C side bands of the 
methyl resonance in the I H n. m. r. spectrum. 
102. 3 	Ethyl levulinate was prepared by refluxing levulinic acid 
(11.6 g, 0.1 mol), ethanol (150 ml) and concentrated sulphuric acid 
(1 g) for 18 h. The excess ethanol was removed under reduced 
pressure (18 mm) and the residue added to water, extracted with 
ether (3 x 250 ml),. dried, filtered and the ether removed under 
reduced pressure (18 mm). The product was distilled at reduced 
pressure (20 mm) and the fraction between 50_600  collected, and 
this proved spectroscopically to be ethyl levulinate (70%; Lit. ,176 
205. 8° , 760 
10.2.4 	s-Butyl levulinate was prepared by refluxing levulinic 
acid (I 10" g, 1.0 mol), s-butanol 1290 g) and concentrated sulphuric 
acid (5.8 g) for 18 h. The mixture was poured into a separating 
funnel containing water (500 ml), the upper crude layer of ester 
removed and the residue extracted into ether 14 x ZOO ml). The 
ester and the extracts were combined washed with water, saturated 
sodium bicarbonate, water, dried, filtered and the ether removed 
under reduced pressure. The product was distilled to give s-butyl 
1 
levulinate (62%; Lit. ,
76 
 209.30 ). 
10.3 PREPARATION OF TETRALONES 
10.3. 1 	3-Tetra1one was prepared by a Birch reduction viz:- 
sodium (85 g, 3. 6 mol) in small pieces was added to ammonia (3 1) 
and -naphthol (300 g, 2. 05 mol) in a 5 1 flanged flask fitted with a 
mechanical stirrer. The mixture was stirred for 3 h, ammonium 
chloride (360 g. 7. 2 mol) was added carefully and the excess 
ammonia allowed to evaporate overnight. The mixture was then 
acidified with aqueous hydrochloric acid and the product extracted 
into ether (6 x 500 ml). Th combined ether extracts were dried, 
the solvent distilled off under reduced pressure (18 mm) and the 
crude product distilled to give -tetralone (70%; b. p. 140-1420 , 20 
mm; Lit. 1 ,77 139° , 18 mm), a pale yellow oil. 
10.3. 2 	a-M ethyl- 3-tetralone was prepared by a modified enamine 
alkylation 178 
	A mixture of -tetralone (36. 5 g, 0. 25 mol), 
cyclohexylamine (25. 0 g, 0. 25 mol) and para-toluenesulphonic acid 
(50 mg) dissolved in dry benzene was refluxed using a Dean and Stark 
trap until the production of water had ceased, (4. 5 ml in 3 h). The 
solvent was removed under reduced pressure and the deep purple 
irnine used without further purification. The imine was dissolved 
in dry tetrahydrofuran (200 ml) and was added over 10 min to ethyl 
magnesium bromide (0. 25 rnol) in dry tetrahydrofuran, under nitrogen. 
The resulting green-brown solution was refluxed for 1 h, by which 
time the evolution of gas had ceased. Methyl iodide (42 g, 0. 30 mol) 
was then added over 10 min and the mixture refluxed with stirring 
for 14 h, Hail the solvent was removed under reduced pressure and 
the residue was mixed with 10% aqueous hydrochloric acid (400 ml) 
and refluxed for 2h. The mixture was extracted with light petroleum 
(3 x 200 ml), the combined extracts were washed with water, dried 
and the solvent removed at a reduced pressure to give a-methyl-n-
tetralone ( 8 0%; b. p.  137-1390 , 18 mm; Lit.? 9  138-1420 , 20 mm). 
10.3. 4 	3-Methyl- a-tetralone was prepared as described for a-methyl- 
f3-tetralone above. a-Tetralone (36.5 g, 0. 25 mol), para-toluene-
sulphonic acid (0. 5 g), fresh pyrrolidine (17. 75 g, 0. 25 mol) instead 
of cyclohexylamine, ethyl magnesium bromide (0.425 mol) and toluene, 
as solvent, were used. The acid catalysed dehydration required 7 
days and, from the product mixture, did not go to completion. The 
final product mixture consisted of a-tetralone, n-methyl- a-tetralone and 
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an unknown component. The f3-methyl- a-tetralone was obtained pure 
by column chromatography and was distilled to give a pale yellow oil 
( 20 %; b. p. 135-1370 , 16 min; Lit. 80 127-131° , l2 mm) pure by 
'H n. m. r. 
10.3. 5 4-Methyl- 1-tetralone was prepared by adding aluminium 
chloride (70 g) to a solution of S -valerolactone (21 g, 0. 21 mol) in 
benzene over 0. 5 h. During this time hydrogen chloride gas was 
given off and the solution turned brown. The mixture was refluxed 
for 3. 5 h and hydrolysed with ice and aqueous hydrochloric acid. 
The product was extracted into ether (3 x 150 ml) and the combined 
extracts were washed with water, saturated potassium carbonate and 
dried. The solvent was removed under reduced pressure (18 mm), 
the residue distilled and the fraction between 145-160 °C was collected. 




103.6 	4,4-Dimethyl-1-tetralone was obtained by a two step 
synthesis 	from ethyl or s-butyl levulinate via 4,4- dim ethyl- 
-butyrolactone and the two acids 2-methylbut-1-encarboxylic acid 
and 2-methylbut- 2- encarboxylic acid as described below. 
Attempted synthesis of 4, 4-dimethy1--butyrolacton. 
(a) 	Methylmagnesium iodide (0. 33 mol) in dry ether (100 ml) was 
added to a solution of s-butyl levulinate (48 g, 0. 28 mol) in dry ether 
(130 ml) and dry benzene (130 ml) over a period of 45 mm, during 
which time the temperature was not allowed to rise above 0 °C. The 
ether was removed by slow distillation and the resulting benzene 
solution was heated at its boiling point for 3 h. After hydrolysis 
with 5% aqueous sulphuric acid the benzene layer was separated and 
the aqueous layer extracted with ether (3 x 100 ml). The benzene 
layer and the ether extracts were combined and treated with sodium 
hydroxide solution which gave an alkaline layer from which the product 
was generated with 50% sulphuric acid. The solution was saturated 
with ammonium sulphate, the product extracted into ether (4 x 150 ml), 
the combined extracts dried and the solvent removed under reduced 
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pressure (18 mm). Spectroscopic examination of the product showed 
that the desired lactone was present together with 4-methylpent-3-
enoic and 4-methylpent-4-enoic acids in the ratio 2:1:1. The same 
products were obtained when ethyl levulinate was used. 
(b) 	In a further attempt ethereal methyl magnesium iodide (0. 168 
rnol) was added to a solution containing ethyl levulinate (12 g, 0.083 
mol) in dry ether over 0. 5 h. The mixture was refluxed for 0. 5 h,, 
poured onto ice and hydrochloric acid and extracted into ether ( 3 x 
100 ml). The combined ether extracts were dried and the ether 
removed under reduced pressure (18 mm) to leave impure 4,4- 
dim ethyl- ö-butyrolactone (5. 5 g). The aqueous layer was saturated 
with ammonium sulphate and reextracted into ether (3 x 100 ml). 
The combined ether eracts were dried and the ether distilled off 
leaving more impure lactone (1, 5 g). Distillation, at 4 2-50 ° , 20 mm, 
did not purify the lactone efficiently, giving a 4 1 mixture of the 
lactone to the unknown impurity. 
The 4, 4-dimethyl- 1-tetralone was prepared by adding the crude 
product mixtures obtained above (10 g), dissolved in dry benzene 
(25 ml), to a stirred solution of aluminium chloride 135 g) in analar 
benzene (55 ml), dropwise, over 1 h. The mixture was heated slowly 
to refluxing temperature and gently refluxed for 3 h. Decomposition 
was achieved with ice and hydrochloric acid giving a benzene layer 
which was washed with dilute hydrochloric acid, water and saturated 
potassium carbonate solution. Distillation through a Vig:reux column 
(10 cm) gave a colourless liquid which contained 4,4-dimethyl--i-
tetralone and some impurity. Alumina column chromatography was 
used to separate out the 4, 4-dimethyl- 1-tetralone, (40%, b. p. 
76-78° , 0.01 mm; Lit),82 119-120° , 6 mm). 
10 •4 	PREPARATION OF THE OLEFINS 
The structures of the olefins were confirmed by their i. r. 
and '-H n. m. r. spectra. They were purified by distillation and 
column chromatography and unless otherwise stated were pure by g. 1. c. 
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10.4. 1 	The following olefins were kindly supplied by Dr. I. H. Sadler. 
cis--Methylstyrene (b p. 62-62. 
50, 




trans-f3-Methylstyrene (b. p. 760, 18 mm; Lit. 1,76 74°C, 15 mm) 
cis- a, -Dimethy1styrene (Lit. 84 ). 
P,P-Dimethylstyrene (b. p. 74 0C, 10 mm; Lit .'?6  76-770 , 11 mm). 
1-M ethyl enetetralin (b. p. 105 0C, 15 mm; Lit., 185  103 
0, 
 14 mm). 
l-Phenylcyclopent--l-ene (b. p. 119-20 0 , 20 mm; Lit); 86 124. 5-125. 
50, 
30 mm). 
1, 1-Diphenylethylene (b. p. 1300, 12 mm, Lit. Y 6136° , 13 mm). 
Styrene (b.p. 144-145 ° , Lit 6 145° ) was commercially available. 
• 10.4. 2 	1, Z-Dihydronaphthalene was prepared by reducing a- 
tetralone (17.6 g, 0. 05 mol) with lithium aluminium hydride (1 g, 
0. 026 mol) in dry ether and dehydrating the carbinol. so  formed by 
.refluxing under a Dean and Stark-trap with pa ra- toluenes ulphonic 
acid in carbon tetrachloride until no more water collected. The 
solution was added to water, extracted into ether, dried and the 
ether removed under reduced pressure (18 mm). The product was 
then distilled togive 1, 2-dihydronaphthalene (88%; b. p. 79_810,  10 
lib 	0 	- mm; Lit., 38-39 , 0. SD mm). 
1, l -Dim ethyl- 1, 2-dihydronaphthalene (68%; b. p.  100-1030 , 12 mm, 
Lit); 8 980 , 10 mm) was similarly prepared from 4, 4-dimethyl- 1-
tetralone. 
10.4.3 	4-Methyl-1, 2-dihydronaphthalene was prepared as follows. 
A solution of cz-tetralone (21. 1 g, 0. 146 mol) in dry ether was added 
dropwise to a mixture of methyl magnesium iodide (33. 32 g, 0. 2 
mol) in dry ether under nitrogen in such a way that the ether just 
refluxed gently. The solution was refluxed for a further 0. .5 h then 
poured onto ice and hydrochloric acid (10%).  The organic layer was 
separated and the aqueous layer extracted several times with ether. 
The combined ether layers were dried and the solvent removed under 
reduced pressure (18 mm) to give the carbinol, a yellow crystalline 
solid. The carbinol was refluxed with 10% hydrochloric acid for 
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1 h and the resulting organic material steam distilled. The 
product was extracted into ether (3 x 150 ml), the combined extracts 
were dried, the solvent removed under reduced pressure (18 mm) 
and the product distilled to give 4-methyl- 1, 2-dihydronaphthalene 
( 80 %; b. p. 116-1180 , 20 mm; Lit 8 103
0
, 14 mm). 
3-Methyl-1, 2-dihydronaphthalene (71%; b. p. 109-112° , 20 mm;' 
	
1891, 	 0 
Lit., 115-118 , 22 mm) was similarly obtained from -tetrahne, 
;5  were the following. 
3,4-Dimethyl-1, 2-dihydronaphthalene (95%; b.p. 45°, 0.02mm, 
190 	o 
Lit., 115 , 12 mm) from a-methyl--tetralone or n-methyl-a- 
tetralone; 
1, 4-Dimethyl-1, 2-dihydronaphthalene (76%; b. p.  83-850 , 0.01 mm; 
Lit. ',91 87-88° , 0.5 mm) from 4-methyl-1-tetralone and 
1, 1, 4-trimethyl- 1, 2-dihydronaphthalene (88%; Lit. 1292  ) from 4,4-
dim ethyl- 1-tetralone. 
10.4.4 	4-Ethoxy--1, 2-dihydronaphthalene was prepared by refluxing 
a-tetralone (48. 3 g, 0. 33 mol), ethanol (200 ml), triethyl ortho-
formate (132 g, 0. 9 mol) and para-toluenesuiphonic acid (50 mg) for 
0. 5 h, in the absence of water. During this time the colourless 
reaction mixture turned through shades of pink and purple to brown. 
The product mixture was then distilled rapidly at a reduced pressure 
(18 mm) to give triethylorthoformate, between 58 and 60 0C, and 4- 
ethoxy-1, 2-dihydronaphthalene, between 120 and 125 ° . Spectroscopic. 
investigation showed this to be pure olefin (60%:  b. p. 128_1300,4 
14 mm. Found: m/e; 174.104111. C 12H14 Orequires: 174.104459). 
The following olefins were prepared similarly from the appropriate 
tetralone, €he olefin fractions being collected between 110 and 135 °C, 
15 mm. 
3-Ethoxy-1, 2-dihydronaphthalene (77%; b. p. 1380, 15 mm. 
Found: m/e; 174.103605. C 12H14 0 requires: 174.104459). 
3-Ethoxy-4-methyl-1, 2-dihydronaphthalene (53%; b. p.128-130° , 
14 mm. Found: m/e; 188.118825. C 13H16 Orequires: 188.120109). 
4-Ethoxy- 3-methyl-i, 2- dihydronaphthalene (74%; b.  p. 1081110, 
74 
14 mm. Found: m/e; 188. 118332. C 13 H 16 0 requires: 188. 120109). 
4 -Ethoxy- 1-methyl-- 1, 2- dihydronaphthalene ( 62 %). 
4 -Ethoxy- 1, 1- dim ethyl- 1, 2- dihydronaphthalene (60%; Found: 
m/e; 202.137183. C 14 H180 requires: 202.135758). 
104. 5 	4-Deuterio- 3-methyl-i, 2-dihydronaphthalene ( 8 5%; 
b. P. 114-119° , 22 mm) was prepared as described for 1, 2-dihydro-
naphthalene (section 10.4. 2) from 2-methyl- a-tetralone and lithium 
aluminium deuteride. 
4-Trideuteriomethyl-3-methyl-1, 2-dihydronaphthalene (75%; 
b. p. 112-116, 15 mm) was prepared as described for 4-methyl-1, 2-
dihydronaphthalene (s ection 10.4. 3) from 3 -methyl- a- tetralone and 
trideuteriomethyl magnesium iodide. 
1, 1 -Dimethyl--4-trideuteriomethyl- 1, 2- dihydronaphthalene (9 4 %) 
was prepared as described for 4-methyl-1, 2-dihydronaphthalene 
(section 10. 4, 3) from 4, 4-dimethyl- a-tetralone and trideuteriomethyl 
magnesium iodide. 
10.4.6 	4-Phenyl-1, 2-dihydronaphthalene was prepared from a- 
tetralone and phenyl magnesium bromide as described for 4-methyl-
1, 2-dihydrnaphthaiene (section 10.4,3) except that the product was 
extracted directly from the dehydrating medium with ether without 
steam distillation to give 4-phenyl-1, 2-dihydronaphthalene (92%; 
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b. p.  160-1620 , 6 mm; Lit., 135-140, 2 mm). 
4-(para-.Methoxyphenyl)-1, 2-dinydronaphthalene (78/aa-' ; m. p. 59-60.5
0 
 ; 
Lit); 94 61. 50 ) was prepared similarly from a-tetralone and para-
methoxyphenyl magnesium bromide. The crude product solidified 
on standing and was recrystallised from methanol/ ether. 
4-meta- Trifluorornethyphenyl)- 1, 2- dehvdronaphthalene (79%; 
m.p. 40-42° . Found: C, 74.31; H, 4.87; m/e, 274.094374. 
C 17 H13 F 3 requires: C, 74.45; H. 4.74%; m/e, 274.096927) 
was similarly obtained from a- tetralone and meta- trifluo rom ethyl- 
phenyl magnesium bromide and recrystallised from methanol/ether. 
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10-4.7 	cis-(3-Bromostyrene 	( Lit., ) was obtained by refluxing 
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2, 3-dibromo-3-phenylpropionic acid (0.45 g), sodium bicarbonate 
(0. 378 g) and dry acetone (9. 0 ml) for 8 h with stirring. The acetone 
mixture was cooled, filtered and the solvent distilled off under reduced 
pressure (18 mm) leaving cis -13-bromostyrene (0. 19 g, 73 %) free of 
the trans isomer. 
n. m. r. (GDC1 3) : 	7.4-7.1 (m, 2H, o-ArH); 	7.1-7.4 
(m, 3H, rn and ArH); 6. 92 (d, 
J9. 2Hz, Ar-CH=); 6. 29 (d, J9. 2 
Hz, Br-CH). 
trans-3-Bromostyrene 	was available commercially. - 
' H n. m. r. (GDC1 3) : 	7. 23 (s, 5H, ArH); 7.05 (d, 
J14Hz, Ar-CH); 6.65 (d, J14Hz, 
Br-CH=). 
10.4.8 	2-Bromo-3-methylindene (A3) was prepared by adding a 
solution of bromine in carbon tetrachloride dropwise to a solution of 
3-rnethyl-indene (2 g, 0.015 mol) while stirring vigorously. As soon 
as the solution remained a light brown after stirring, the carbon tetra-
chloride and excess bromine were removed under reduced pressure 
(18 mm). The product mixture was halved (2 g, 0.007 rnol) and one 
half refluxed for 1 h with a 20% (wlv) solution of potassium hydroxide 
in ethanol (80 ml). The solution was cooled, poured into water (200 
ml) and extracted with ether (3 x 150 ml). The combined extracts 
were dried and the ether removed under reduced pressure (18 mm). 
' H n. m. r. examination of the crude product showed this to be a 
mixture mainly of 2-bromo- 3-methylindene and 1 -bromo- 1-methyl-
indene in the ratio of 4:1. These were separated on alumina to give 
pure 2-bromo-3-methylindene (77%),  eluted in light petroleum. 
' Hn.ni.r. (CDC 1 3) dilute : 	7.30 (s, 4H, ArH); 3.55 (q, J2.5 
Hz, 2H, CH 2); 2.15 (t, J2. 5Hz, 
3H, CH 3). 
M. p. Found: m/e; 210/208; 195/193; 129. P: 209.986660; 
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207. 990358. C 10H9 Br requires: 209.986842; 207. 988812 
and 1-bromo--1-rnethylindene (15%) mixed with a small amount of 
an unknown compound, eluted in ether. 
1 Hn.m.r. (CDC1 3 ) 
	
7. 25 (bs, 4H, ArH); 6.70 (d, 
J=6Hz, 11-1, ArCHC); 6. 25 
(d, J6Hz, 1H, ArCHC); 1. 55 
(s, 3H, CH3). 
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10.5 	SYNTHESIS OF THE DmROMOCYCLOPROPANES 
All the dibromocyclopropanes were made by the following 
method, except for the aryl substituted dihydronaphthalene adducts 
where ether was used as a solvent instead of light petroleum. The 
general method was as follows. 
A solution of bromoform (20. 24 g,  0. 08 mol) in light 
petroleum was added dropwise over a period of 1 h to a slurry of 
potassium t-butoxide (18. 1 g, 0. 1 mol, 1:1 complex) and olefin 
(0.04 mol) in light petroleum maintained between -5 ° and -10°C in 
a solid carbondioxide/methanol bath while the mixture was magnetic-
ally stirred. After addition was complete the whole was kept stirring 
at around 
_50 
 for .5 h and then allowed to return slowly to room 
temperature. The mixture was acidified (pH 2-3), the petrol layer 
separated and the aqueous layer extracted into light petroleum (3 x 
100 ml). The combined petrol extracts were dried and the solvent 
removed under reduced pressure (18 mm). The resulting viscous 
oil was gently heated (60-70 °C) at low pressure (0. 01 mm) to remove 
any low boiling fractions and then eluted through either a neutral or 
a basic alumina column with petrol or a petrol ether mixture containing 
2-10% ether as eluant. The adducts were characterised using ' H 
n. m. r., 13C n. m. r., i. r. and mass spectroscopy by which means 
the exact mass of the parent ion was found. Where the difference 
between the "found" and the "required" value is more than 5 p.  p. m. 
the reference peak was too close to the examined peak. Infra red 
spectra show no large peaks between 1600 and 2000 cm 1 and have 
not been quoted. 
10.5. 1 2-PHENYL-1, l-DIBROMOCYCLOPROPANES 
13 C n. m. r. spectra are presented in table 10.5. 1. 
1, 1- Dib romo - 2-methyl- 2- phenylcyclopropane (Al) was kindly 
supplied by Dr. A. J. Watson. 
E- 1, 1- Dibromo - 3-methyl- 2-phenylcyclopropane (BM) 
Olefinic source: trans --Methylstyrene. 
in 
General: Basic aluminium column chromatography gave a colourless 
liquid (69%; Lit. 6 b.p. 1100,  2 mm). 
' H n. m. r. (CDC 1 3) : 	7.15-7.30 (m, 5H, ArH); 2.45 (d, 
J8Hz, 1H, ArCH); 1.70-2.10 (d of 
q, 3=8, 6Hz, 1H, MeCH); 1.40 (d, 
• 	 J6Rz, 3M, CH3 ). 
m. s. Found: m/e, P; 287.9l4710, 289. 912581, 291.910176. 
C 10H10Br 2 requires: 287. 915027, 289. 91305, 291. 911087. 
Z-1, 1-Dibromo- 3-methyl- 2-phenylcyclopropane (BIZ) 
Olefinic source: cis-3-Methylstyrene. 
General: Basic alumina column chromatography gave a colourless 
liquid (50%). 
n. m. r. (CDC1 3) : 	7. 10-7. 30 (s, SM, Ar); 2. 95 (d, 
JllHz, 1H, ArCH; 1.80-2.20 (d of q, 
3=11, 6. 5Hz, 1H, MeCHj; 1.10 (d, 
J6, 6. 5Hz, 3M, CH 
3 ). 
M. S. Found: m/e, P; 287. 914710, 2 89. 912857, 291. 910452 
C 10 H, 0 Br 7 requires: 287. 915027, 289. 913057, 291. 911087. 
.E-1, 1 -Dibromo- 2, 3- dirnethyl.- 2-phenylcycloproane (CI) 
Olefinic source: cis- a, -Dimethyistyrene. 
General: Basic alumina column chromatography gave a solid 
recrystallised from light petroleum/ ether to give colourless 
crystals (45%, rn. p. 50-51
0 
). 
n. m. r. (CDC 1 3) : 	7. 10-7. 25 (s, 5H, ArH); 1. 98 (q, 
36, 5Hz, 1H, MeCID; 1.46 (s, 3M, 
ArCCH 3); 1. 30 (d, J6. 5Hz, 3H, CHCH 3 ). 
m. s. Found: m/e, P; 301. 932408, 303. 930345, 305. 927987. 
C 11 H12Br 2 requires: 301. 930676, 303. 928706, 305. 926736. 
Analysis, Found: C, 43.66; H, 4.04. C 11 H12Br 2 requires: 
C, 43.42; H, 3.95%. 
1, 1 -Dibromo -3, 3-dim ethyl-  2- phenylcyclopro pane (DI) 
Olefinic source: 3, -Dimethylstyrene. 
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General: Basic alumina column chromatography gave a pale orange 
solid which was recrystallised from methanol/ether to give colour-
less crystals (62%; m.  p.  37-380). 
1 Hn.m.r. (GDC1 3 ) 	: 	720-7.40 (s, 5H, ArH); 2.58 (s, lH, 
ArCH); 1. 58 (s, 3H, Z-ArCHCCH 3 ); 
7. 22 (s, 3H, E-ArCHCCH 3). 
m. s. Found: rn/e, F; 301. 930344, 303. 928870, 305. 927102. 
C 11 H2Br 2 requires: 301. 930676, 303. 928706, 305. 926736. 
1, 1-Dibrorno-2-phenylcyclopropane (Gla; 95%) and 
l-Dibromo-2, 2-diphenylcyclopropane (Glb; 70%;  m.p. 152-154; 
197 	o 
Lit., 154-156 ) were also prepared. 
6, 6-Dibromo-1-phenylbicyclo[3, 1, Olhexane  (El) 
Olefinic source: 1-Phenylcyclopentene. 
General: Neutral alumina column chromatography yielded a colour-
less viscous oil (64%). 
' H n. m. r. (Cd 4) : 	7. 1-7.4 (s, 5H, Arm; 1. 65-2.6 (ms, 7H, 
Aliphatic C . . 
10.5. 2 DIBROMOCARBENE ADDUCTS OF SUBSTITUTED 
DIHY DR ONAP HT HALENE 
13 C n. m. r. spectra are presented in table 10. 5. 2. 
3-Benzo-7, 7-dibromobicyclo{4, 1, Olheptene  (HI) 
Olefinic source: 1, 2-Dihydronaphthalene. 
General: Basic alumina column chromatography yields a colourless 
viscous oil (6 0 %). 
n. m. r. (Ccl 4) 	: 	6.80-7. 35 (m, 4H, ArHJ; 2.55-2.80 (m, 
2H, ArCH 2); 1.70-2.45 (ms, 4H, ArCH 2 
CH2CHC. 
m. s. Found: m/e, F; 299.913528, 301.911169, 303.909106. 
C 11 H10Br2 requires : 299. 915027, 301. 912877, 303. 910727. 
REI 
2, 3-Benzo-7, 7-dibromo- i-methylbicyclo[4, 1, 0heptene (JI) 
Olefinic source: 4-methyl-1, 2- dihydronaphthalene. 
General: Basic alumina purification gave a yellow solid which 
on recrystallisation from methanol gave colourless crystals 
(60%; m.p. 54-550 ). 
' H n. m. r. (CC 4) : 	 6.90-7.40(m, 4H, ArH); 2,30-2.90, 
1. 70-2.00 (ms, 5H, ArCH 2CH2C); 
1. 70 (s, 3H, CH 
3 ). 
m. s. Found: m/e, P; 	315.928716 
C H 79Br81 
12 12- 
Br requires: 	315.928706 
Anaiysis 	Found: C, 44.38; H, • 3.92. C 12 E-l 12Br requires: 
C, 44.60; H, 3.83%. 
2, 3-Benzo-7, 7-dibromo--6-rnethylbicyclo[4, 1, 0he.ptene (KI) 
Olefinic source: 3-Methyl-1, 2-dihydronaphthalene. 
General: Neutral alumina purification gave a pale yellow viscous 
oil ( 70 %). 
1 H n. m. r. (Cd 4) : 	6.95-7.35 (m, 411, ArH); 2.50-2.90 
(ms, 4H, CH2CH 2); 2. 25 (s, 1H, CH); 
1. 58 (s, 3H, GET 3 ). 
m. s. Found: m/e, P; 	313. 931390, 315. 929904, 317. 926018. 
C 
12 12 
H Br., requires : 	313.930676, 315.925706, 317.926736. 
2, 3-Benzo-7, 7-dibromo-1, 6-dimethylbicyclo[4, 1, 0heptene (LI) 
Olefinic source: 3, 4- Dimethyl- 1, 2- dihydronaphthalene. 
General: Neutral alumina column chromatography followed by 
recrystallisation from ethanol/ methanol gave colourless crystals 
( 70%; m. p.  71-730). 
n. m. r. (Gd 4) : 	6.85-7.45 (m, 41-I, Ar); 2.45-2.90 
(m, 2H, ArCH2); 2.00-2.20 (m, ZH, 
ArCHCH2); 1. 50 (s, 31-I, ArC(CH 3 ) 
CCH3 ); 1.40 (s, 3H, ArC(GH 3 )CCII3 ). 
m. s. Found: m/e, P; 	327. 945671, 329. 943300, 331. 942234. 
C 13H14Br 2 requires : 	327. 946325, 329. 944355, 331. 942385. 
2, 3-Benzo-7, 7-dibromo- 1, 4-dimethylbicyclof4, 1, Ojheptene (MI) 
Olefinic Source: 1,4 - Dimethyl- 1, 2- dihydronaphthalene. 
General: Basic alumina purification yielded a colourless oil (85%). 
1 Hn.m.r. (CDC1 3) : 	6.80-7.20 (m, 4H,ArH); 2.50-2.90, 
2.15-2.45, 1.90-2.00 (ms, 4H, CHCH 2GH); 
1.72 (s, 3H, ArCGHj; 1. 15 (d, J9Hz, 
3H, ArCHCH3). 
m. s. Found: m/e, P:: 	327. 947078, 329.  944958, 331. 943465. 
G 13H14 Br 2 requires : 	327. 946325, 329.  944355, 331. 942385. 
2, 3-Benzo-7, 7-dibromo-4, 4- dim ethylbicyclof, 1, 0heptene (Ni) 
Olefinic source: 1, 1 -Dimethyl- 1, 2- dihydronaphthalene. 
General: Basic alumina column chromatography gave a colourless 
viscous oil (62%). 
1 Hn.m.r. (Cd 4 ) 
m. s. Found: m/e, P; 
C 13H14Br 2 requires 
6.95-7.40 (m, 41-I, ArH); 2.55-2.85 
(m, 1H, ArCH); 1.95-2. 35 (m, ZH, 
ArC(CH3 ) 2CH2); 1.30-1.70 (m, 1H, 
ArGHCHJ; 1. 22, 1. 11 (ss, 6H, C(C1-1 3 ) 2). 
327. 947301, 329.  942648, 331. 942886. 
327. 946325, 392.  944355, 331. 912385. 
RM 
LPMT 
2, 3-Benzo-7, 7-dibromo- 1, 4,4-trimethylbicyclo[4, 1, 01heptene  (P1) 
Olefinic source: 1, 1, 4- Trimethyl- 1, 2- dihydronaphthalene. 
General: Basic alumina column chromatography gave a viscous 
oil (55%). 
' H n. m. r, (Cd 4) : 	7. 00-7. 35 (m, 4H, ArH); 2.10- 2.40, 
1.6-1.9 (ms, 3H, CH 2CH); 1.75 (s, 3H, 
ArC(CH3 )CH); 1. 28, 1. 15 (ss, 6H, 
ArC(C H3) 2). 
m. s. Found: m/e, P; 	341. 962979, 343. 961260, 345. 959215. 
C 14 H16 Br 2 requires ; 	341. 961974, 343. 960004, 345. 958034. 
2, 3-Benzo- 7, 7- dibromo- 1- ethoxybicyclo[4, 1, 0heptene (QI) 
Olefinic source: 4-Ethoxy- 1, 2-dihydronaphthalene. 
General: Basic alumina column chromatography followed by 
recrystallisation from ethanol yielded white crystals (73%, 54-56° ). 
1 Hn.m.r. (CC! 4) 
C, 45. 09; H, 4.05%. 
7.40-7.60 (iii, lH, 0-ArM to cOEt); 
6. 90-7. 25 (m, 3H, ArH); 3. 55 (q, J=7Hz, 
2H, 0CM2); 2.25-2.8, .1.65-2.20 (ms, 




H, 4.13; C 13 H14 Br 2 requires: 
rn. s. Found: m/e, F; 
79 81 
C 13 H, 4 Br Br requires: 
Analysis. Found: C, 44.92; 
2, 3-Benzo-7, 7-dibromo-6- ethoxybicyclo[4, 1, 0heotene 
Olefinic source: 3-Ethoxy-1, 2-dihydronaphthalene. 
This compound decomposed under the reaction conditions and was 
not isolated. 
2, 3-Benzo- 7. 7- dibromo-6 - ethoxy- 1 -methylbicyclo[4, 1, 0heptene (RI) 
Olefinic source: 3-Ethoxy-4-methyl- 1, 2- dihydronaphthalene. 
General: Basic alumina column chromatography followed by re-
crystallisation from ethanol/methanol gave pale yellow crystals 
(4 5%; m. p. 44-470). 
83 
1 Hn,m,r. (CC].4 ) 
m. s. Found: m/ e, P 
6.85-7. 25 (m, 4H, ArH); 3.65-3.9 
(q, J7Hz, ZH, OCH2); 1. 8 and 3. 00 (ms, 
4H, CH2CH2); 1. 55 (s, 3H, C H 3 ); 1. 28 
(t, J7Hz, 3M, OCH 2CH3 ) 
357, 95924, 359. 953415, 361. 952665. 
Analysis. Found: C, 46.58; H, 4.32; C 14 H16 OBr 2 requires 
C, 46.67; H, 4.44%. 
2, 3-Benzo- 7, 7- dibromo- 1- ethoxy-6 -meths,rlbicyclo[4, 1, 0heptene (SI) 
Olefinic source: 4-Ethoxy- 3-methyl-i, 2- dihydronaphthalene. 
General: Neutral alumina column chromatography yielded colourless 
crystals (50%; m.p. 63-64° ) after recrystallisation from methanol/ 
ethanol. 
n. m. r. (CC14) : 	7. 35-7. 50 (m, lH, o-ArCH- to COEt); 
6.85-7. 25 (m; 3M, Ar); 3. 10-3. 35 (q, J7 
Hz, 2H, OCH2); 2.15-2.90 (ms, 4H, CH 2CH2); 
1.48 (s, 3M, CH3); 1. 15 (t, J=7Hz, 3H, 
OCH2CH3 ). 
m. s. Found: m/e, P; 	357.955924, 359. 9544 	1. 953721. 
C 14 H10 OBr requires ; 	357. 956889, 359. 954190, 361. 952949. 
2, 3-Benzo-7, 7- dibromo- I - ethoxy-4-methylbicyclo[4, 1, Ojheptene (TI) 
Olefinic source: 4-Ethoxy- i-methyl-i, 2-dihydronaphthalene. 
General: Basic alumina chromatography followed by recrystallisation 
from methanol gave colourless crystals (67%, m.  p.  42-440). 
n. m. r. (CDC1 3) : 	7.40-7.65(r-,-, 1H, o-ArCH to COEt); 
6.95-7.35(m, 3M, ArHJ; 3.25-3.65(m, 
2M, OCHCH3); 2.49-2.90, 1.90-.1.40, 
1. 1-1.6 (ms, 4H, CHCH 2CH); 1. 1-].. 35 
(ms, 6H, CH3 OCH2CH3 ). 
m.s. Found: m/e, P.;. 	351.956980, 359.955527, 361.953721. 
C 14 H16 OBr 2 requires: 	357. 956889, 359. 954919, 361. 952949. 
C.. H - OBr. requires: 	357. 956W39, 
14 lb 	
359.954919, 361.952949. 
2,3-B enzo- 7, 7- dibromo- 1- ethoxy-4, 4- dimethylbicyclo[4, 1, 01heptene 
(VI). 
Olefinic source: 4.-Ethoxy- 1, 1- dimethyl- 1, 2- dihydronaphthalene. 
General: Basic alumina column chromatography followed by 
rec rys tallisation from methanol/ ethanol gave colourless crystals 
(70%; m. p. 72-93.50). 
'H n. m. r. (Cd 4) : 	7.30-7.45(m, 1H, o- ArH to COEt); 
6.90-7.20(m, 3H, ArH); 3.20-3.75 
(m, 2H, 0CH2), 1.40-2.40 (m, 3H, 
CH 2CH); 1.00-1.40 (m, 9H, C(CH 3 ) 2, CR3); 
	
m. s. Found: rn/e, P; 	371. 970388, 373. 968934, 375.970297. 
15 H18
requires: 	371. 972538, 373. 970568, 375. 968598. 
Analysis: Found: C, 48.17; H, 4.82; C 15 H18 OBr 2 requires: 
C, 48.84; H, 4.68%. 
2, 3-Benzo- 7,7- dibromo- I -phenylibcyclo[4, 1, O1heptene(WI 
Olefinic source: 4 -Phenyl- 1, 2- dihydronaphthalene. 
General: Basic alumina column chromatography followed by 
recrystallisation from methanol/ether gave pale orange crystals 
(50%; m.p. 102-104 ° ). 
n. m. r. (CDC I 3) : 	7.00-7.60 (m, 9H, ArH); 2.40-3. 10 
(ms, 4H, CH 2CH2); 1.60-2.05 (m, 1H, 
CH). 
rn. s. Found: nile, P; 	375. 951661, 377. 946639, 379. 944165. 
C 17 H14 Br 2 requires: 	375. 946325, 377. 944355, 379. 942385. 
Analysis: Found: C, 54.19; H, 3.74; C 17H14Br 2 requires: 
C, 53.97; H, 3.70%. 
2, 3-Benzo-7, 7- dibromo- 1 -(para_methoxyphenyl)_bicyclo[4, 1, 01-
heptene (XI) 
Olefinic source: 4- (para-methoxyphenyl)- 1, 2- dihydronaphthalene. 
General: Basic alumina chromatography followed by recrystallisation 
from methanol/ ether gave lightly coloured crystals (90%; M. p. 92-94°). 
o:: 
' H n. m. r. (CDC 1 3 ) 	: 	6. 75-6. 88, 7.30-7.45 (ds, J=9Hz, 
MeOArH); 6.88-7. 20 (m, 4H, ArH); 
3.73 (s, 3H, OCH 3 ); 2. 30-3.00 (ms, 
4H, CH2CH 2); 1. 70-2. 05 (m, 1H, CH). 
m. s. Found: m/e, P ; 405. 957159, 407. 955753, 409. 953953. 
C 18 H16 OBr 2 requires : 	405. 956889, 407. 954919, 409. 952949. 
Analysis. Found: C, 53,09; H, 3.94; C 18 H16 0 requires: 
C, 52.94; 3.92%. 
2, 3- Benzo- 7, 7- dibromo- 1 -(m eta -trifkoromethylphenyl)-bicyclo[4, 1, 01-
heptene (ZI) 
Olefinic source: 4 -(meta- trifluo romethyiphenyl)- 1, 2- dihydronaphthalene. 
General: Basic alumina chromatography followed by r ec rystallisation 
from methanol/ether gave buff coloured crystals (70%; rn. p.  108-1100). 
' H n.m. r. (CDC1 3) : 	6. 90-7. 85(m, 8H, Ar); 2. 35-3. 20 (ms, 
4H,. CH2CH2); 1.60-2.10 (rn, 1H, CH). 
m. s. Found: rn/e, P ; 443. 934166, 445. 93200, 447. 930261. 
C 18 H13F 3 Br 2 requires; 443. 933707, 445. 931737, 447. 929767. 
Analysis. Found: C, 48.69; H, 2.96; C 18 H13F 3Br 2 requires: 
C, 48,43; H, 2.91%. 
2, 3-B enzo- 1 -deuterio- 7, 7- dibromo-6-methylbicycio-[4, 1, 0heptene 
(1(10) 
Olefinic source: 1-Deuterio-3-methyl-1, 2-dihydronaphthalene. 
General: Neutral alumina chromatography gave a colourless viscous 
oil ( 60 %). 
' H n. m. r. (CC 14) : 	6.85-7.30 (m, 4H, ArH); 2.55-2.80 (m, 
2H, ArCH 2); 2. 00-2. 15 (m, 2H, ArCH 2CH2); 
1.60 (s, 3H, CH 
3 ). 
m. s. Found: m/e, P ; 	314.936213, 316.934721, 318.932914. 
C 12H11 DBr 2 requires : 	314.936953, 316.934986, 318.933013. 
2, 3- Benzo- 7, 7- dibromo-6 -methyl- 1 -trideuteriometh'ylbicyclo{4, 1, 01-
heptene (L1.0 ) 
E:1 
Olefinic source: 3-M ethyl-4- trideuter iom ethyl- 1, 2- dihydronaphthalene. 
General: Neutral alumina column chromatography followed by 
recrystallisation from ethanol/ methanol gave colourless crystals 
(50%; M.P. 77-78° ). 
' H n. m. r. (Cd 4) : 	6.85-7.35 (m, 4H, ArH); 2.80-2.85 (m, 
ZH, ArCH 2); 2.00-2.20 (m, 2H, ArCH 2CH2); 
1.40.(s, 3H, CH3 ), 
rn. s. Found: m/e, P ; 330. 965586, 332. 963215, 334. 962149; 
C 13 H11 D 3Br 2 requires ; 330.965158, 332.963188, 334.961218. 
Analysis. Found: C, 46.84; C 13H 11 D3Br 2 requires: C, 46.84%. 
2, 3-Benzo- 7, 7- dibromo -4, 4- dimethyl- 1- trideuteriomethylbicyclo-
14, 1, Ojheptene (PI - 0 ). 
Olefinic source: 1, 1-dim.ethyl-4-trideuteriomethyl-1, 2-di.hydro-
naphthalene. 
General: • Basic alumina column chromatography gave.a colourless 
viscous oil (55%). 
' H n. m. r. (Cd 4) : 	6.75-7.50 (m, 4H, ArH); 1. 30-2.50 (m, 
3H, CH 7CH); 1. 25, 1. 15 (ss, 6H, C(CH 3 ) 2). 
10.5.3 	MISCELLANEOUS DIBROMOCARBENE ADDUCTS 
1, 1-Dibromo-2, 2-dim, ethylcyclopropane was prepared 
as described in the general method above except that isobutylene was 
used both as the olefin and as the solvent. The excess isobutylene 
was removed under reduced pressure (0.01 mm). 
1 Hn.m.r. (CC14) : 	1.4 (broad resonance). 
4, 5-Benzo-1, 1-dibromospiro2, 51octene  (Fl) 
Olefinic source: 1-Methyl enetetralin. 
General: Basic alumina chromatography followed by r ec rystallisation 
from methanol gave colourless crystals (55%; m. p.  52-53°). 
	
1 H n. m. r. (CDC1 3) : 	6.80-7.40 (m, 4H, ArHJ; 6.75-3. 10 
(ms, 8H, Aliphatic H). 
Found: m/e, P ; 	314 obscured, 315. 926226, 317. 926522. 
79 81 
C 12H12 Br Br C 12H12 81 
Br 
 81 
 Brrequires; 315.928706, 
317. 926735. 
i 
Table 10:5. 1 
n.m.r.DATA /5 	relative to TMS (05 ) 
C 
AROMATIC ALIPHATIC 
R 1 R 2 R3 0 ' m q CBr 2 PhCR 1 R 3CR2 R 1 R 2 R 3 
H H H 128.7 128.1 127.4 135.8 28.3 35.8 27 - - - 
Me H H 128.3 128.3 127.1 142.2 36.6 35 33 27 - - 
H Me H 128.6 128.1 127.3 136.3 38.8 42.3 30.3 - 17.3 - 
H H Me 130.3 128.2 127.2 134.1 36,4 37.1 30.3 -- - 13. 
Me Me H 128.4 128.3 127.0 144.4 46.1 37.3 32.7 21.0 12.1 - 
H Me Me 130.0 128.1 127.1 135.0 45.8 43.4 30.3 - 27.6 21. 
Ph H H 129.1 128.3 127.2 141.8 33.9 45.0 34.4 - - - 
CH2C1- 2CH2- H 128.1 128.1 127.1 140.8 46.3 50.0 4 2. 9 37.9 26.0 30. 





Table 10.5.2 	(Aryl derivatives). 	 I 
to 
13 C n. m. r. DATA / 	[relative to TMS, S01 
No 	R.. 1 	R 2 	C-i 	C-3 	C-5 	C-4 	C-7 	R 	R 2 	C-3 	C-2 	C-12 Aromatics 
Wi 	H H 	39.5 	37.5 	24.4 	28.4 	45.9 	- 	 - 142,2 	137.8 	136.3 	129.9 130.0 128.0 127.3 
127.0 126.8 
Yl 	OMe H 	38.6 	37.3 	24.2 	29.2 	46.6 	55.0 	- 136.4 	137.4 	135.3 	113.7 158.7 128.1 129.4 
126.7 130.7 
Zi 	H CF 	39.1 	37.6 	24.3 	28.4 	44.:9 	
V. 
144.0 	138.0 	135.4 	129.6 128.8 128.6 127.4 
3 small 127.1 133.5 126.7 124.2 
C-3, C-2 and C-12 are not assigned independçnt 	values. 
TABLE 1.0.5. 2 	(Methyl derivatives) 
. 0 
13 C 
n. m. r. Data/6 	relative to 
c 
T. M. S. 
( 	
06) R, R 
No. R 1 R R3 R4 C-i -2 C-3 C-4 0-5 C-6 C-7 C-8 C-9 C-b 
HI H H H H 31.6 134.8 136.6 26. 6 21.5 30. 1 38. 6 130. 5 128.4 127. 3 
JI Cl-I3 H H H 29.6 136. '9 137.4 27. 6 24.2 35. 9 48.9 128.2 127.7 126.6 
KI H Cl-I3 H H 37.6 132.6 137.5 27.3 30.2 29.8 48.9 130.0 128.1 127.2 
LI Cl-I3 Cl-I3 H H 32. 5 138.5 138.9 27.5 33.8 31. 9 58. 5 128. 7 127.6 126. 6 
LI0 OH 3 CH 3 H H v. small :138.5 138.9 27. 5 33.8 31. 9 58. 5 128. 7 127.6 126.6  
NI H I-I CH  CH   31.7 146.,3 143.1 33.7 38.1 31.2 41.3 130.6 127.7 126. 1 
P1 CH3 H CH3 CH3 29.7 145.5 136.2 33.4 39.6 34.2 49. 5 128. 7 127.0 1 
cis OH 3 H CH 3 H 30.3 142. 8 136. 0 38. 5 31.0 33.4 49. 7 128. 7 127.4 1  
MI CH  H CH   H 29. 7 141.6 137.4 36.6 29.6 33. 8 48. 9 128.4 127.4 126. 2 
trans 
• These assignments are tentative and may be the r opposite way round. 











TABLE 10. 5.2 (cont.) 
1 2 	3 4 
No. R R R R 
Hi - - 	 - - 
J.1 25.9 - 	 - - 
Ri - 26.0 	- 
Li 20.5 21.1 	- - 
Li0 - - 	 - - 
Ni - - 	 27.7 27.8 
P1 31.3 - 	 26.1 27.8 
cis 25.9 - 	 24.1 - 
MI trans 25.9 - 	 - 18.0 
TABLE 10. 5.2 (Ethoxy derivatives) 
13c n. m. r. Data/6 (relative to TMS (S0)) 
No. R R2 R3 R4 C-i 0-2 0-3 0-4 0-5 0-6 0-7 0-8 C-9 0-10 c_ill 
Qi EtO H H H 64. 6- 131. 8- 138.3 26.6 24.0 35.3. 45.1 126.6 127. 9 127.9 127.9 
Si EtO OH3 H H 33. 8 132. 6 139. 7 26.8 34.0 66.0 54.3 128.2 128.0 127.7 126.7 
Ri 
CH  
EtO H- H 35.5--137.4-138.2' 26.6 27.5 67.0 53.6 128.1 127.6 126.8 126.6 




64.8 130.8 147.1 32.7 40.0 32.9 47.3 128.7 128.6 126.2 124.2 
Et03 H CH  
 H 	-. 64.8- 130.9 143.9 32.4 31.7 35.0 46.8 128.5 128.3 127. 6,  126.7  
Ti 
EtO H OH3 H 64.8 132. .3 143.2 35. 2 31. 7 30. 1 46.0 128. 7 128. 5 126.5 124.2 
TABLE 10. 5. 2 (cont. ) 
No. R 1 R2 	R3 	R4 
Qi 15.1 - 
63.5 
Si 15.1 20.1  
63.8 
Ri 18.9 
Vi 	 15.3 	
- 	32.4 	28.7 
63.9 




15.2 	 18.0 
63.5 
1) 	C-8 - C-li are suggested assignments 
2). 	Where two assignments are made the first is the methyl and the second is the 
methylene one. 






TO TRAP (r) AND PUMP CONNECTION (g) 
ICE / WATER TRAP 
OIN 
10.6 DECOMPOSITION OF DIBROMOCYCLOPROPANES 
General Procedures 
10-6.1 	Thermal Rearrangements in the Vapour Phase: A flow 
system, illustrated in figure (35), was used. This flow system was 
used both for the pyrolysis of the adducts and for the pyrolysis of the 
cycloheptatriene products formed by dehydrobromination of the adducts. 
The compound to be.pyrolysed was .placed in sample vessel (a), and 
the system evacuated 	 .005 mm) by means of a rotary pump 
connected at (g), while trap (f) was immersed in a Dewar of liquid 
nitrogen. The pyrex pyrolysis tube, (d), 23 cm x 2. 5 cm, was 
packed with clean glass wool for each adduct, unless otherwise 
stated, and was allowed to equilibrate at the required temperature 
for . 5 h by means of a directly wound heating jacket, (c), which had 
been calibrated previously. A Dewar of water or ice/water was 
placed round the receiver vessel, (e) and a precalibrated electric 
heater, (b) was switched on to vapourise the reactant. The products 
were collected in the receiver vessel. When the pyrolysis was 
complete the system was isolated from the rotary pump and nitrogen 
introduced at (g) until the system reached 760 mm. The product was 
washed from the receiver vessel with carbontetrachlo ride. 
10-6.2 	Basic Alumina Catalysed Rearrangements. Fresh, 
prebaked basic alumina was added to an approximately 10% i/v 
solution of the reactant in carbontetrachioride such that the alumina 
almost reached the surface of the solution. After two hours the 
alumina was filtered off, washed with ether, the solvent removed 
under reduced pressure (18 mm) and the product examined using 
n. m. r. spectroscopy to determine the extent of reaction. Where the 
reaction was not complete the whole procedure was repeated using 
fresh alumina two or three times and if the reaction was not complete 
after this time refluxing was allowed to continue for up to 48 h in 
total before examining the products again. 
7) 
All products were stored at -15 °C. Not all remained 
unchanged at this temperature. 
10.7. 1 	Decomposition of 1, 1-Dibromo-2-methyl-2-phenyl 
cyclopropane (Al). 
Portions of the dibromocyclopropane (Al) were pyrolysed at 
(a) 300, (b) 400 and (c) 450 0C (0. 005 mm). The compositions of 
the resulting product mixtures were deduced from their ' H a. m. r. 
spectra and are tabulated below: 
Temp 	S. 	Yield 	Al 	A2 	A3 
(g) 	(%) 	(%) 	(%) 	(%) 	(%) 
300 0.8 63 75 25 	0 0 
400 0.7 .80 1 97 	1 1 
450 0.8 53 0 91 	4 5 
Weight of adduct pyrolysed 
Uncharacterised product material. 	 - 
The mixtures obtained from pyrolyses (b) and (c) were 
combined and separated by preparative scale g.l.c. 110% PMPE; 
16 5° ) to give in order of elution: 
2-Bromo-3-phenylbuta.-1, 3-diene (AZ) which was identified 
by comparison of its 'H n. m. r. spectrum with that of the known 
compound. 
n. m. r. (CDC1 3) : 	7. 30 (bs, 5H, ArH); 5. 70 (ms, 3H, 
CH 2 -c-CBrCHH); 5.35 (bs, 1H, CBrCHFI). 
2-Bromo-3-methylindene (A3) having a ' Hn.m.r. spectrum 
identical with a sample synthesised by an alternative route (10. 4. 8; p.  75). 
-J 
10.7. 2 	Decomposition of E-1, 1-dibromo-3-methyl- 2-phenyl- 
cyclopropane (B1E). 
Portions of the dibromocyclopropane (B1E) were pyrolysed at 
(a) 300, (b) 350, (c) 400 and (d) 450 °C (0. 005 mm). The compositions 
of the resulting product mixtures (by ' H n. m. r.) are tabulated below: 
Temp 	S. W. Yield BI 1B2 	B3 	B4 	B5 	U. M. 
(g) 	(%) 	(%) 	(%) 	(%) 	(%)  
300 0.6 60 12 	20 68 0 0 	0 
350 0.5 56 0 	43 57 0 0 	0 
400 0.5 54 0 	35, 46 9 9 	1 
450 0.8 52 0 	25 12 50 12 	1 
The product mixtures from pyrolyses (c) and (d) were combined 
and separated by preparative scale g. 1. c. (10% PMPE, 150 ° ) to give 
in order of elution the following products: 
E- 2-Bromo- 1 -phenylbuta- 1, 3-diene (B2) 
1 Hn.m,r. (CDC1 2) 6: 	7.20- 7.40 (m, 5H, Are); 7.15 (s, lH, 
ArCH); 6.7 (d of d, J = 16, 11 Hz, 1H, 
CHCH 2); 5. 75 (d, 3 = 16 Hz, 1H, trans-
CHCHH); 5.40 (d, J = 11 Hz, 1H, cis-
CHCHH). 
m. s. Found, m/e: 	210/208; 129. 
Z- 2-Bromo- 1-phenylbuta- 1, 3- then e (B3). 
' H n. m. r. (CDCL,) 6: 	7.60-7.80 (m, 2H, ortho-ArH); 7.15- 
7. 50 (in, 3H, meta- and para-ArH); 
6.95 (s, 1H, ArCH); 6.65 (d of d, J = 16 
and 10 Hz, 1H, CHCH 2); 5.73 (d, 3 = 16 Hz, 
1H, trans-CHCHH); 5.35 (d, J = 10 Hz, 1H, 
cis-CHCHH). 
m. s. Found, m/e: 	210/208; 129. P: 209.983338; 
207. 987314. 
C 10 H9 Br requires: 	209.986842; 207. 988812. 
3-Brorno - 1, 2- dihydronaphthalene (B4). 
n. m. r. (CDC1 3) : 	6.85-7.25 (ms, 4H, ArH); 6.75 (bs, 1H, 
2.60-3. 10 (ms, 4H, CH2CH 2). 
m. s. Found, m/e: 	210/208; 129. 
2-Bromonaphthalene (B5). 
1 
Identified by comparison of its H n. m. r. spectrum and its 
m. s. with those of an authentic sample. 
' Hn.m,r. (Cd 4) 5: 	8.00 (b s, 1H, C-1); 7.40-7.90 (bms, 
6H, ArH). 
m. s. Found, rn/e: 	- 208/206; 127. F: 207. 971173. 
C 10H 81 Br requires: 	207.970430. 
The products from pyrolyses (a) and (b) were also combined 
and separated by preparative scale g. 1. c. to give butadienes (132) 
and (B3). 
1Q7. 3 	Decomposition of Z-1, 1-Dibromo- 3-methyl- 2-phenyl- 
cyclopropane (BIZ). 
Portions of the dibromocyclopropane, (B1Z), were pyrolysed 
at (a) 350, (b) 400 and (c) 450 0C (0. 005 mm). The compositions of 
the resulting product mixtures are tabulated below: 
Temp S. W. Yield B1Z B2 B3 B4 B5 U. M. 
°C (g) (%) (%) (%) (%) (%) (%) () 
(a) 350 0.7 53 0 33 67 0 0 0 
(b)400 0.6. 72 0 25 50 12 12 1 
(c) 450 0.9 62 0 0 0 76 23 1 
Pyrolyses (b) and (c) were separated on the preparative scale 
g.l.c. (10% PMPE; 1500)  to give the same products as described 
for dibromocyclopropane (B 1E), above. 
	
10.7.4 	Decomposition of E-1, 1 -Dibromo- 2, 3-dimethyl-. 2- 
phenylcyclopropane (Cl). 
Portions of the dibromocyclopropane (Cl), were pyrolysed 
at (a) 300, (b) 400 and (c) 450 0C (0. 005 mm). The compositions of 
the resulting product mixtures (by ' H n. m. r.) are tabulated below: 
Temp 	S. W. 	Yield C 	C2 C3 C4 C5 C6 67 68 
(°C) 	(g) 	(%) 	(%) (%) (%) (%) (%) (%) (%) (%) 
300 0.6 81 0 	23 3 47 15 	0 	0 	12 
400 0.6 90 0 	19 6 56 19 	0 	0 	0 
450 0.9 70 0 	11 8 45 11 	17 	8 	.0 
Attempts to separate the products of pyrolyses (a) and(b) on 
alumina and by preparative g. 1. c. failed. The product mixture from 
pyrolysis (c) was applied to the prepaative g. 1. c. (10% PMPE, 177 ° ) 
which allowed the separation of the naphthalene, (67), and the dihydro-
naphthalene, (66), from the pentadienes, (C2),(C3), (64) and (C5) 
which eluted as a single component. The H n. m. r. spectrum of the 
pentadienes was sufficiently well resolved to allow the assignments 
detailed below: 
(i) 	E-3-Bromo-4-phenylpenta-1, 3-diene (C2) 
' H n. m. r. (CDC1 3) 6: 	7.05-7.40(5H, Ar); 6.30(dofd, J 
16 and 10. 5 Hz, 1H, CHCH 2); 5. 50 (d, 
J = 16 Hz, 1H, trans -CHCHH); 5.05 (d, 
J = 10. 5 Hz, 1H, cis-CHCHH); 2. 30 (s, 
3H, CH3) 
"1 
Z- 3-Bromo-4-phenylpenta- 1, 3-diene (03). 
' H n. m. r. (CDC1 3) 6: 	7.05-7.04 (m, 5H, ArH); 6.80 (d of d, 
J = 16 and 11 Hz, 1H, CHCH 2); methylene 
proton resonances observed; 2. 20 (s, 3H, 
OH3 ), 
I  Z- 3-Brorno- 2-phenylpenta- 1, 3- diene (C4). 
' H n. m. r. (CDC 1 3) 5: 	7. 05-7.40 (m, 5H, ArH); 5. 90 (q, J 
6. 5 Hz, 1H, CHCH 3); 5.60, 5. 25 (s s, 
ZH, CCH2); 1.82 (d, J = 6. 5 Hz, 3H, CH 3 ). 
E- 3-Bromo- 2-phenylpenta- 1, 3-diene (C5) 
' H n. m. r. (CDCI 3) 5: 	7.05-7. 40 (5H, Ar); 6.25 (q, J = 7 Hz, 
1H, CHCH3); 5.65, 5. 30 (s s, 2H, CH2); 
1.65 (d, J = 7 Hz, 3H, CH3 ). 
3-Brorno-4-methyl-1, 2-dihydronaphthalene (C6) was 
identified from its ' H n. m. r. spectrum which was identical to that 
of a sample prepared by an alternative route. 
The dihydronaphthalene, (06; 0. 25 g, 10 mol) was refluxed 
with ortho-chioranil (2 x 10 mol) in benzene (25 ml) for 3 h. The 
ortho-chloranil was removed by elution of the reaction mixture 
through alumina and this gave a mixture identified by its ' H n. m. r. 
spectrum as largely the naphthalene, (07), together with a small 
amount of unreacted dihydronaphthalene (C6). 
2-Bromo-1-methylnaphthalene 	(07) was identified by 
comparison of its 'H n. m. r. spectrum with that of the known 
compound. 
The presence of 3,4-dibromo-2-phenyipent-2-ene (C8) was 
inferred from clear resonances in the 'H n, in. r. spectrum of the 
product mixture from pyrolysis (a). viz: 
' H n. m. r. (CDC 1 3) 6: 	Aromatic protons observed; 3.40 (d of q, 
J = 7 and 2 Hz, 1H, CHBr); 2. 05 (d, 
7(rn) 
3 = 2 Hz, ArCGH 3 ); 1. 25 (d, J = 1 Hz, 
1H, CHBr). 
10.7.5 	Decomposition of 1, 1-dibromo-3, 3-dimethyl-2- 
phenylcyclopropane (Dl). 
Portions of the dibromocyclopropane(D1) were pyrolysed 
at (a) 300, (b) 350, (c) 400 and (d) 450 0C (0. 005 mm). The com- 
positions of the product mixtures (by 'H n. m. r.) are tabulated below: 
Temp 	S. W. 	Yield Dl 	D2 D3 D4 D5 D6 	U. M. 
(°C) 	(g) 	(%) 	(%) 	(%) 	(%) 	(%) 	(%) 	(%) 	(%) 
300 0.4 96 0 20 80 0 0 0 	0 
350 0.8 80 0 25 75 0 0 0 	0 
400 0.2 71 0 28 55 16 0 0 	1 
(d)450 0.7 80 0. 0 0 81 9 9 	1 
The products from pyrolysis (b) were separated by preparative 
g. 1. c. 010% PMPE; 148 0.) to give the following products, in order of 
elution: 
E-2-Bromo-3-methyl-1-phenylbuta-1, 3-diene (D2). 
'Hn0 m.r. (CDC1 3) 6: 	7. 10-7.35 (m, 5H, ArT-i); 6.80 (bs, 1H, 
ArCH); 5. 05, 5.15 (ins, 2H, GET2); 
2. 00 (m, 3H, CH 3). 
224/222; 207/209;.. 143, 128. P . 224. 002132 
222, 003899. 
224.002491; 222.004461. 
Z- 2-Bromo-3-methyl- 1-phenylbuta- 1, 3-diene 20 (D3) 
n. m. r. (CDC1 3) 6: 	7.45-7.65 (m, 2H, ortho-ArH), 7. 10- 
- 	. 	7.40 (in, 3H, meta.- and para-ArH); 6.95 
m. s. Found, m/e: 
C H :Br requires: 
i 	11 
(s, 1H, ArC); 5. 20, 5.60 (bss, 2H, 
2. 10 (s, 3H, CH 3 ). 
m. s. Found, m/ e: 	224/222; 209/207; 143; 128. 
The products from pyrolysis (d) were also separated by 
preparative g. 1. c. (10% PMPE, 145 ° ) to give the following products 
in order of elution. 
2-Methyl- 3-bromo- 1, 2- dihydronaphthalene (D4). 
n.m. r. (CDC1 3) : 	6.80-7. 20 (m, 5H, ArH); 6.62 (bs, 1H, 
ArCH); 2.40-2.80, 3.00-3.40 (ms, 3H, 
CHCH); 1. 05 (d, J 7Hz, 3H, CH 
2 	 —3 
 
13 C n. m. r. (CDC 1 3) : 	133. 4, 133.0 (C4a, C8a); 131.2 (C3); 
128.6, 128.2, 127.5, 126.7, 125.4 (C4, 
5,6,7,8); 38.0(C2); 36.6 (C 1); 17.9 (CH 3); 
m. s. Found, m/ e: 	224/222; 209/207; 143; 148. 
P: 224.002143; 222. 003023. 
C 11 1-1 11 Br requires: 	224.002491; 222. 004461. 
2-Bromonaphthalene (D5 B5). 
.(iii) 	2- Bromo- 3-methylnaphthalene 201(D6) identified by comparison 
of its ' H n.m. r. spectrum with that of an authentic sample. 
' H n. m. r. (Cd 4) : 
	
	7. 20-8. 10 (ms, 6H, ArH); 2.80 (s, 3H, 
CH 
3 ). 
10.7.6 Decomposition of 6, 6-dibromo-1-phenylbicyclo[3, 1, 01 
hexane (El). 
Portions of the dib romocyc lo propane, (El), were pyrolysed 
at (a) 300, (b) 350, (c) 400 and (d) 450 °C (0. 005 mm). The com-
positions of these product mixtures are tabulated below: 
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Temp S. W. Yield El E2 E3 E4 U. M. 
(°C) (g) (%) (%) (%) (%) (%) (%) 
(a) 300 0.4 90 1 44 27 27 1 
(b) 350 0.3 83 0 15 28 56 1 
(c) 400 0.4 85 0 12 12 75 1 
(d) 450 0. 2 61 0 0 0 99 1 
The product mixture from (b) was separated by preparative 
g. 1. C. (10% PMPE, 180° ) to give two major fractions which were 
in order of elution: 
(i) 	Biphenyl (E4; m.p.9-70.5°;  L it, ' 76 71) identified by 
comparison of its ' H n. m. r. spectrum with that of a commercially 
available sample. 
A bicomponent mixture of 2-bromo-1-phenylcyclohexa-1, 3-
diene (E2). 
' H n. m. r. (CDC1 3) : 	7. 15-7.30 (m, 5H, ArM); 6. 10 (d, J 
10 Hz, CBrCH; 5.65 (d of t, J = 10 and 4 
Hz, 1H, CHCH 2); aliphatic protons lie 
between 2. 20 and 2.95 but are superimposed 
on those of compound (E3). 
together with 3-bromo- 2-'phenylcyclohexa- 1, 3- diene (E3). 
' H n. m. r. (CDC1 3) : 	7.15-7.30 (ms, 5H, ArH);.6. 30, 5.95 
(ms, 2H, CHCCCH); aliphatic resonances 
are obscured by these if E2, between 2.20 
and 2. 95. 
Attempted separation of the cyclohexadienes E2) and (E3), 
on alumina was unsuccessful, both compounds eluting together with 
light petroleum. 
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10.7. 7 	Decomposition of 4, 5-benzo-1,1-dibromospiro{2,1 
octene (Fl). 
Portions of the spirocompound, (Fl), were pyrolysed at (a) 
300, (b) 400 and (c) 450 0C (0. 005 mm). The compositions of the 
product mixtures from these pyrolyses are tabulated below: 
Temp S. W. Yield Fl F2 F3 F4 U. M. 
(°C) (g) (%) (%) (%) (%) (%) (%) 
(a) 300 0.4 90 0 93 6 0 1 
(b) 400 0.7 90 0 72 18 6 4 
(c)450 0.8 86 0 60 23 12 5 
The product mixture from pyrolysis (b) was separated by 
preparative g. 1. c. (10% PMPE, 174 ° ) to give two main fractions. 
The first contained at least two components. The 
I 
 H n. m. r. 
and m. s. of this fraction suggests the presence of l-vinylnaphthalene, 
(F4) by comparison with those of a sample prepared below ( 8. 2; p.  103) 
and both the cis and trans isomers of 4-(2-bromovinyl)-1, 2-
dihydronaphthalene (F3). 
n.m. r. (CDC1 3) : 	7. 00-7. 50 (m, 5H, ArH, CHCHBr), 6.50 
(t, J = 5Hz, 1H, CHCH 2); 5. 75 (d, J = 
17 Hz, 1H, trans-CHBr, 5.40 (d, J = 
10 Hz, 1H, cis-CHBr); 2.70-2.95, 
2. 25-2.50 (ms, 4H, CH 2CH2). 
The mass spectrum of this mixture gave a small peak at m/e 
236/234 (F3), and a slightly larger one at 234/232 (aromatisation) 
and a very large peak at 154 (F4). Other prominent peaks occur 
at m/e 210/208 and 208/206. 
The second fraction consisted of pure 4-(1-bromovinyl)-1, 2-
dihydronaphthalene (F2 
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' H n. m. r. (CDC1 3) : 	7.00-7. 50 (m, 4H, ArH); 6. 15 (t, 
J = 5 Hz, IH, CHCH2); 5.75, 5.80 (ss, 
2H, CBrCH2); 2.55-2.80, 2.10-2.45 
(ms, 4H, GH 2CH2). 
m. s. Found, m/e : 	236/234; 155. P: 236. 001473, 234. 003216. 
C 12H11 Br requires : 	236.002491; 234.004461. 
10.8 	Decomposition of 2, 3-Benzo-7, 7-dibromo4eptenes. 
Unless otherwise stated the total product yields in the reactions 
detailed in this section ranged from 60-85%, pyrolyses at low temper-
atures give the larger yields. Most pyrolyses were repeated at least 
once. In some instances, pyrolysis product mixtures were recycled 
through the flow, system one or more times (quoted as e. g. 400 x 2, 
400 x 3, 400 x4 etc). In such cases product recoveries were not 
quantitative some products apparently polymerising in the reaction 
vessel or flow system. The cycloheptatriene products of these 
pyrolyses were either colourless or pale yellow oils or oily solids. 
L0.8. 1 	Decomposition of 2, 3-Benzo-7, 7_dibr,OrnOiCyCo[4,1,0I- 
heptene (Hi). 
Basic alumina decomposition of the adduct was attempted by 
refluxing the heptene(H1; 0. 5 g) with alumina in carbon tetrachloride 
for 24 h. On examining the products only starting material (0.45 g) 
was present. 
Portions of the bicycloheptene, (Hi), were pyrolysed at (a) 
300, (b) 350, (c) 400 and (d) 4500C (0. 005 mm). The compositions 
of the product mixtures deduced from their ' H n. m. r. spectra are 
tabulated below: 
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Temp Hi H2 H3 U. M. 
( ° C) (%) (%) (%) (%) 
300 24 43 32 1 
350 0 43 56 1 
400 0 40 59 1 
450 0 5 5 90 
The two major products,. cycloheptatrienes, (H2) and 
(H3), were inseparable on alumina and by preparative scale g. 1. c. 
This latter method (10% PMPE, 150 ° ), however, separated the 
uncharacterised material from products (1-12) and (H3), using the 
combined product mixtures from pyrolyses (b) and (c), to give.a 
mixture from which the following 1 H n. m. r. assignments could 
be made:- 
M) 	1, 2-Benzo-4-bromocyclohepta-1, 3, 5-triene (HZ). 
1 H n. m. r. (CD01 3 with (H3)) : 	7.45 (s, 1H, C ); 7.00-7.40 
(m, 4H, ArH); 6.15 (d, J = 10 Hz, 
IH. C-5H; 5.60 (d of t, J = 10, and 7 Hz, 
1H, C-6H); 2.95 (d, J = 7 Hz, 1H, CH 2). 
(ii) 	1, 2-Benzo-6-bromocyclohepta-i, 3, 5-triene (H3). 
' H n. m. r. (CDC1 3 , with (H2)) : 	7. 00-7.40 (m, 4H, ArH); 6.95 
d, J = 11 Hz, 1H, C-3H); 6.45 (d, J = 
6 Hz, 1H, C- 5H); 6.20 (d of d, J = 11 
and 6 Hz, 1H, C-4H); 345 (s, 2H, CH 2). 
Recycling the product mixture from a reheat of pyrolysis (c) 
at 400° altered the product proportions to H2:H3:tJ.M. . 40:50:10. 
10.8.2 	Decomposition of 2, 3-Benzo-7, 7-dibromo-l-methyl- 
bicyclo[4, 1, O]heptene (Ji). 
Attempted decomposition of bicycloheptene (Ji; 0. 3 g) on 
alumina by refluxing in carbontetrachioride for 8 h yielded starting 
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material (0. 27 g) as the sole product. 
Portions of the bicycloheptene, (J1), were pyrolysed at 
(a) 300, (b) 350, (c) 365, (d) 400 and (f) 450 °C. All the pyrolyses 
were repeated and (c) was recycled a further three times at 4000 
{(g), (h) and (i)]. The compositions of the pyrolysis product 
mixtures are tabulated below. 
Temp 
(° C) 
Press Ji J2 
(mm)  
J3 J4 J5 U. M. 
(a) 300 0.005 99 1 0 0 
(b) 350 0.005 98 2 0 0 
(c) 365 0.005 7 26 34 25 7 1 
(g), 	(c) at 0.005 1 36 11 9 38 5 
..400 
(h),: 	(c) at 0.005 1 46 16 9 23 5 
,,400x2 




0.005 0 26 26 23 23 2 
(e) 400 0.01 0 22 38 22 15 3 
(1)450 0.01 0 47 0 0 47 6 
(1) This pyrolysis was achieved using densely packed glass wool. 
The product mixture from (d) was separated on the pre-
parative g.1.c. (25% PMPE; 195 0) to give three main fractions 
the second of which consisting of cycloheptatriene (J2) and (J3), 
was further separated on the analytical g.1.c. (5% NPGS, 150 0) to 
give (J2) and (J3) individually. The products, their structure 
assigned from 
I 
 H n. m. r. spectra are as follows in order of elution 
on the 25% PMPE column:- 
(i) 	1-Viny1phthaiene (J5) was identified by comparison of 
105 
its 1 H n. m. r. spectrum and its m. s. with those of an authentic 
sample. 
'H n. m. r. (Cd 4) : 	 7.20-7.80; 7.90-8. 10 (ms, 8H, ArH); 
5.70(dofd, J=l7 and 2Hz, 1H, 
trans-CH=CHH); 5.35 (d of d, J = 11 
and 2 Hz, 1H, cis-CH=CHH). 
1, 2-Benzo-4-bromo-3-methylcyclohepta- 1, 3, 5-triene (J3). 
' H n. m. r. (Cd 4 ) 	: 	 6.90-7.50 (m, 4H, Ar); 6. 10 (d, 
J = 9 Hz, 1H, C-5H); 5.70 (d of t, 
J = 9 and 7 Hz, 1H, C-6H); 2. 50 (s, 
3H, CH3); 3. 0 (bd, J71Hz, 2H, C-7Hz). 
m.s. Found, m/e: 	 236/234; 221/219; 155. P: 236.002859; 
234.004833. C, 2H12Br requires: 236.002491; 234.004461. 
1, 2-Benzo-6-brom6-7-m6thylcyciohepta- 1, 3, 5-triene (. 
'H n. m. r. (Cd 4 , 60°) : 	7.05-7.40 (m, 4H, ArH); 7.00 (d, 
J = ii Hz, 1H, C-3H); 6.40 (d, J 5Hz,' 
1H, C-4; 6.15 (d of d, 3 = 11, 5 Hz, 
1H, C-5; 3.5 (bm, 1H, C-7H); 135 
(d, J 7. 5 Hz, 3H, CH 3). 
m.s. Found, m/e: 	 236/234; 221/219; 155. P: 236.002491; 
234.004461. C 12H 11 Br requires: 236.002491; 234.004461. 
The spectral data are quoted for compounds (33) and (J4) further 
separated on the 5% NPGS column, in order of elution. 
1, 2-B enzo-4-bromo- 3-methylenecyclohepta- 1, 4- diene (J2). 
	
n. m. r. (Cd 4) : 	 6. 90-7. 35 (m, 4H, Are); 6. 25 (t, J = 
5 Hz, 1H, C-4H); 5.85, 5.45 (s s, 2H, 
CCH2); 2.75-2.9, 2.25-2.5 (ms, 4H, 
CH 2CH2 ). 
m. s. Found, m/e: 	 236/234; 156. P: 236.002166; 
234.004140. C 12H
11
Br requires: 236.002491; 234.004461. 
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1-Vinylnaphthalene (0. 53 g) was pyrolysed at 400 0C (0. 005 
mm). The 'H n. m. r. spectrum of the product mixture showed 
only l-vinylnaphthalene (0. 24 g) to be present. Polymeric material 
(0. 11 g) was left in the reactant vessel and the remaining material 
(0. 18 g) was not found, possibly having turned to polymer in the 
pyrolysis tube. 
A gas chromatograph linked to a mass spectrometer confirmed 
the masses of the products from pyrolysis (f). The first main 
fraction eluting was found to have m/e (P) of 154 and the second 
rn/e (P) of 236/234. 	 - 
10.8. 3 	Decomposition of 2, 3-Benzo-7, 7-dibromo-6-methyl- 
bicyclo[4, 1, 0heptene (Kl). 
Basic alumina induced decomposition of the bicycloheptene 
(Ki) was achieved by refluxing itior 24 h in carbon tetrachloride. 
This gave 1 1 2-benzo4-bromo- 5-methylcyclohepta- 1, 3, 5- triene 
(K3, 95%1,  a pale yellow oil. 
' H n.m. r. (Cs 2) : 	 7.40 (s, il-I, CH 3); 6. 80-7.30 (m, 
4H, ArH); 5. 50 (t, 3 = 7. 5 Hz, ill, 
C-6H); 2.80 (d, 3 = 7,5 Hz, 2H, 
CH 2); 1. 85 (s, 3H, CH 3). 
13 C n. m. r. (CDC1 3 ) : 	137.5, 134. 8, 132.2 (C-1, 2,4); 
127.6 (C-5); 135.2, 128. 8, 127. 6, 127. 1, 
125. 7, 125.6 (aromatic, olefinicCH); 
33. 8 (C-7); 22.4 (CH 3 ). 
m. s. Found, m/e: 	 236/234; 221/219;. 155. P: 236.001935; 
234.004140. C 12H 11 Br requires: 236.002491; 234.004461. 
Cycloheptatriene, (K3), was pyrolysed at 400 0 (0. 01 mm). 
The product mixture deduced from its ' H n. m. r. spectrum was 
composed of cycloheptatrienes, (K4) and (KS), in the ratio 3:1. These 
products were separated by preparative scale g.l.c. (10% PMPE; 
180° ) and their spectra are listed below. 
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Portions of bicycloheptene (1(1) were pyrolysed at (a) 250, 
(b) 300, (c) 350, (d) 375, (e) 400 and (f) 450 0 C (0. 01 mm). 
Pyrolysis (e) formed a complex mixture of products which was also 
found in the lower temperature pyrolyses, its ' H n. m. r. spectrum 
could not be resolved and the recovery was 30%.  The compositions 
of the other pyrolysis product mixtures as deduced from their ' H 
n. m. r. spectra are tabulated below. 
Temp 1(1 1(2 1(3 K4 1(5 1(6 U. M. 
(°C)  
250 49 0 49 0 0 0 2 
300 0 20 20 50 4 1 5 
350 0 16 16 58 4 1 5 
375 0 12 12 54 12 5 5 
(e)400 0 11 11 52 11 5 10 
The products from pyrolyses (d) and (c) were combined and 
separated by preparative scale g.'--. c. (10% PMPE; 180 °). The 
components were characterised by their 'H n, m. r. spectra and are 
as follows, in order of elution:- 
1, 2-Benzo-6-bromo-5-rnethyicyclohepta-1, 3, 5-triene (1(4) 
'H n. m.. r. (Cd 4) : 	 7. 00-7. 30 (m, 4H, ArH); 6.90 (d, 
J = 11 Hz, 1H, C-3H; 6.25 (d, J 
11 Hz, 1H, C-4H); 3.50 (s, 2H, Cl-I 2) 
1.90 (s, 3H, CH 3). 
rn s. Found, rn/c: 	 236/234; 221/219; 155. P: 236.002491; 
234.004461. C 12H11 Br requires: 236.002491; 234.004461. 
A tricomponent mixture containing 1, 2-benzo-4-bromo-5-
methylcyclohepta-1, 3, 5-triene (1(3), 
1, 2, -Benzo--5-bromo-6-methylcyclohepta-1, 3, 5-triene (1(5). 
W 
' H n. m. r. (CS 2 ) 	: 6. 95-7. 25 (m, 4H, ArH); 	6. 80 
(d, 	J = 12 Hz, 	1H, C-3rn; 	6.45 (d, 
J = 12 Hz, 	1H, C-4H); 	3. 10 (s, 	ZH, 
CH 2); 	2. 10 (s, 3H, CH3 ). 
m. s.. Found, rule: 236/234; 	221/219; 	155. 	P: 	236.001704; 
234. 003678. 	C 12H 11 Br 	requires: 	236. 002419; 	234. 004461, and 
1, 2-Benzo-5-bromo-4-methylcyclohepta- 1, 3, 5-triene (K6). 
This compound was not isolated, however the 'H n. m. r. spectrum 
of the tricomponent mixture was sufficiently clear to allow the 
following assignments. 
' H n. m. r. (Cd 4 ) 	: 6.90-7.30 (m, 5H, ArH, C-3H); 
6. 05 (t, J = 8 Hz, 	lH, C-6H); 	2.90 
(d, 	J 	8 Hz, 	ZH, CH2); 	2. 20 	(s, 3H, 
CH3 ). 
(iii) 	1, 2-Benzo-4-bromo-5-methylenecyclohepta- 1, 3-diene (K2). 
' H n. m. r. (Cc 4) : 	 6. 80-7, 20 (m. 5H, ArH-CH; 4. 90, 
5.40 (ss, 2H, CCH 2); 2.50-3.00 (ms, 
4H, CH 2CH2). 
The presence of 3-vinyinaphthalene (K7), 2, 3-dimethyl-
naphthalene (KB) and another dim ethyinaphthaiene (K9) is tentatively 
suggested from the 'H n. m. r, spectra of the products from pyrolyses 
(e) and (f), by comparison with those of commercially available samples. 
A g.1. c. m. s. examination of the product mixture from 
pyrolysis (f) indicated the presence of naphthalenes, (1(7) and (1(8), 
some of the cycloheptatrienes (1(3) (1(4) (1(5) and (1(6) and possibly 
the cycloheptadiene, (1(2), by comparison of the mass spectra obtained 
with those obtained previously from the lower temperature pyrolyses. 
10.8.4 	Decomposition of 2, 3-Benzo-1-deuterio-7, 7-dibromo-6- 
methylbicyclo[4, 1, Olheptene  (Kb). 
Portions of the bicycloheptene (1(10) were pyrolysed at 400 0 C 
(0. 01 mm). The product mixtures were examined using 'H n. m. r. 
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spectroscopy and separated using preparative scale g. 1. c. (10% 
PMPE; 1850 ) as described for the products (K2-9) above. Due to 
the broadening of some resonances caused by detuerium coupling 
and the absence of others no- quantitative estimate was made of the 
relative amounts of the different product. 
The major products were:- 
1, 2-Benzo-4-bromo-3-deuterio-5-methylenecyclohepta-1, 3-diene (Kil); 
1, 2-Benzo-4-bromo-- 3-deuterio- 5-methylcyclohepta- 1, 3, 5-triene (K12); 
1, 2-Benzo-4-bromo- 7-deuterio- 5-methylcyclohepta- 1, 3, 5-triene (K13); 
1, 2-Benzo-6-bromo--3-deuterio- 5-methylcyclohepta- 1, 3, 5-triene (K14) 
and 1, 2-Benzo-6-bromo-7-deuterio-5-methylcyclohepta- 1, 3, 5-triene 
(K15). 
Minor products are also present and include:- 
1, 2-Benzo-5-bromo-6-methylcyclohepta-1, 3, 5-triene and 
1, 2-Benzo- 5-bromo--4-methylcyclohepta- 1, 3, 5- triene, both compounds 
are mono deuterated but the positions can not be assigned from available 
information. 
The bicycloheptene (Kb) was decomposed on alumina by 
refluxing for 10 h in carbon tetrachloride. The product mixture was 
examined using 1 H n. m. r. spectroscopy and was found to contain 1, 2-
benzo-4 -bromo- 3- deuterio - 5-methylenecyclohepta- 1, 3- diene (Ki 1) 
and 1, 2-benzo-4-brorno-- 3-deuterio- 5-methylcyclohepta- 1, 3, 5-triene 
(K12) in equal amount (70%) and uncharacterised material ( 30 %). 
10.8. 5 	Decomposition of 2, 3- Benzo -7, 7- dibromo -1, 6- dimethyl- 
bicycbo[4, 1, Olheptene  (Lj) 
The bicycboheptene, (Li), was decomposed on alumina for 
48 h. The product mixture contained uncharacterised material (10%) 
and 1, 2-Benzo-4-bromo-3, 5-dimethylcyciohepta- 1, 3, 5-triene (IA; 
90). 
'H n. m. r. (C4C16 ; 150° ) : 7.15-7.60 (m, 4H, ArH); 5.85 (t, 
J = 7. 5, Hz, 1H, C-6H); 3.05 (d, 
J = 7. 5 Hz, 2H, GH 2); 2. 70 (s, 3H, 
C-3CH3); 2. 10 (s, 3H, C-5CH3). 
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m. s. Found, m/e: 	 250/248; 235/233;  169. 
P: 250.017623; 248. 020039. C 13 H 13Br requires: 250.018140; 
248. 020110. 
Portions of cycloheptatriene, (L4), were pyrolysed at 400 0  
(0. 005 mm). The product mixture when examined by ' H n. m *. r. 
spectroscopy showed 2-methyl-1-vinylnaphthalene (L6; 95%) to 
be the major product. This could be purified on alumina, eluting in 
light petroleum after residual cycloheptatriene, (L4). 
' H n. m. r. (CC14) : 	 7. 90-8. 10 (m, JH, C-8H); 7. 10-7.75 
(ms, 5H, ArH-CH); 6. 95 (d of d, 
J = 18 and ii Hz, 1H, CHCH 2); 5.70 
(d of d, J= ii and 2.5 Hz, 1H, cis- 
C H=C HH); 5. 35 (d of d, 3 = 18 and 2. 5 Hz, 
1H, trans-CHCHH); 2.40 (s, 3H, CH 3). 
13 C n.m.r. (CDC I 3 ) 	: 	134.6, 132. 7, 132. 3, 132.0 (quaternary 
aromatic and olefinic C); 134. 3, 
128.8, 128.1, 127.0, 125.8, 125.3, 
124. 8 (aornatic and olefinic CH); 
120. 9 (CH 2, absent for (L15) below); 
20. 7 (C H3 ). 
in. s. Found, m/e: 	 168; 153. F: 168. 093896. 
C13H12 requires: 168.093896. 
This compound decomposes on the preparative scale g. 1. c. 
column. 
Portions of the bicycloheptene, (Li), were pyrolysed at (a) 
300, (b) 350 and (c) 400 0C (0. 005 mm). Pyrolysis (b) was repeated 
and recycled once at 350 ° , (d) and (e). The compositions of the 
pyrolyses product mixtures, as deduced from their 1 H n. m. r. spectra 
are tabulated below:- 
III 
Temp 	Li 	L2 	L3 	L4 	L5 	.L6 	U. 	M. 
( °C) 	(%) 	(%) 	(%)  
300 	91 	 8 	 0 	1 
350 	0 	22 	15 	24 	19 	15 	5 
400 	0 	27 	14 	0 	0 	54 	5 
350 
(1) 
0 	26 	13 	26 	21 	9 	5 
350,, 
	
0 	24 	22 	12 	18 	19 	5 
x 2" / 
(1) The tube packing density was not the same as for (a), (b) and (c). 
The products from pyrolysis (b) were separated by preparative 
scale g.i. c. (10% PMPE; 190 0) to give the following compounds in 
order of elution:- 
(1) 	1, 2-Benzo-4--bromo- 5-methyl- 3-methylenecyclohepta- 1, 4- 
diene (L2). 
	
'H n. m. r. (Gd 4) : 	 6. 90-7. 30 (rn, 4H, ArH); 5. 35, 
m. s. Found, m/e: 
P.: 250. 017381; 248. 019067. 
248. 020110. 
5.85 (s s, 2H, G-3CH 2); 2.45-2.60, 
2. 75-2.95 (ms, 4H, GH2CH2); 1.90 
(s, 31-i, CH3) . 
250/ 248; 235/233; 169. 
C 13 H 13Br requires: 250. 018140; 
(ii) 	A bicomponent mixture containing 1, 2-benz2-4-bromo-3, 5- 
dimethylcyclohepta-1, 3, 5-triene (L4), described above and 1, 2-
Beñzo- 6 -bromo -5, 7-dimethylcyclohepta- 1, 3, 5-triene (L5) which 
could be partially separated on alumina, the cycloheptatriene, (L5), eluting 
first with light petroleum. 
n. m. r. (CC 14) 	6. 75-7.45 (ms, 5H, ArN, C-31d); 6. 15, 
6.45 (ds, 3 = 12, 11 Hz, 1H, .G-4H); 
4. 10 (q, 3 = 7 Hz, 1H, C-7H); 1.90 (m, 
3H, C-5CH3); 1.10, 1.65 (ds, 3 = 7 Hz, 
3H, C-7CH3). 
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m. S. Found, m/e: 
	 250/248; 235/233; 169. 
P: 250.016895; 248.017852. C 13 H13Br requires: 250.018140; 
248. 020110. 
(iii) 	1, 2-Benzo-4--bromo- 3-methyl- 5-methylenecyclohepta- 1, 3- 
diene (L3). 
n. m. r. (Cd 4) : 	 7. 00-7. 25 (m, 4H, ArH); 4. 90, 5. 05 
(ss, 2H, C-5-CH 2); 1. 55-1. 80, 1. 80- 
3. 00 (ms, 4H, CH2CH2); 2. 25 (s, 3H, 
m. s. Found, m/e: 	 250/248; 235/233; 169. 
P: 250.017624; 248. 019796. C 13 H13Br requires: 250.018140; 
240. 020110. 
10-8.6 	Decomposition of 2, 3- enzo-7, 7-dibromo-6-methyi- 1- 
trideuteriom ethyibicyclo[4, 1, 01heptene  (Li0). 
The bicycloheptene (L10) was pyrolysed at 400 °C (0. 005 mm). 
Attempts to characterise the product mixture from its ' H n. m. r; 
spectrum indicated the presence of the following products but due to 
-theloss of resonances, broadening of resonances and lack of clear 
coupling the ratios were not deduced. The products were separated 
as for the products above, (L2-L6). The product mixture contained 
the following products: 
1, 2-B enzo-4-bromo- 3- dideuteriom ethylene- 5-methylcyclohepta- 1, 4-
diene (L11), 1, 2-benzo-4-bromo- 5-methylene- 3-trideuteriomeyi-
cyclohepta- 1, 3- diene (L12), 1, 2-b enzo-4-bromo- 5-methy.- 3- tn-
deuteniornethylcyclohepta- 1, 3, 5-tniene (L1 3), 1, 2-benzo-6-bromo-5-
methyl- 7-tnideuteriomethylcyclohepta- 1, 3, 5-triene L14) and 1- 
(2, 2- dideuteniovinyl)- 2-methylnaphthaiene (L15), with less than 5% 
hydrogen/deuterium observed exchange. 
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10.8. 7 	Decomposition of 2, 3-Benzo-7, 7-dibromo.-1, 4- dim ethyl- 
bicyclof1, 0]heptene  (Ml). 
Basic alumina induced decomposition was attempted by 
reflwdng the bicycloheptene, (Ml) in carbon tetrachloride for 12 h. 
Only starting material was present after this time. 
Portions of the bicycloheptene, (Ml), were pyrolysed at (a) 
350, (b) 400 and (c) 450 0C (0. 005 mm). The product mixture from 
pyrolysis (a) was recycled twice more at 350 ° .. The resulting product 
mixtures, their compositions deduced from thir 'H n. rn. r. spectra, 
are tabulated below:- 
Temp Ml M2 M3 M4 M5 U. M. 
( °C) (%) (%) (%) (%) (%) (%) 
(a)350 83 16 1' 
400 0 . 32 0 0 63 5 
450 0 30 0 0 65 5 
350x2 39 19' 9 19 9 . 	 5 
350x3 33 19 . 	 13 9 19 7 
The product mixtures from pyrolyses (b) and (c) were 
combined and separated by preparative scale g.i.c. (10% PMPE; 
184° ). The products, their structures deduced from their 
rn. r. spectra, are as follows, in order of elution:- 
(i) 	4-Methyl-1.-vinylnaphthalene (M5) 
'Hn.rn.r. (Cd 4 ) 	 7. 80-8. 10, 7.00-7.60 (ms, 
7. 35(d of d, J = 18, 10 Hz, 
5.70(dofd, J18.and2H: 
CHCHH); 5. 35 .(d of d, J 
1H, cis-CH=CH2); 2.65 (s, 
m. s. Found, m/ e: 	' 	168, 153. P: 168. 093819. 
C13 H12




11 and 2 Hz, 
3H, C1:13). 
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(ii) 	1, 2-Benzo-4-bromo-7-methyl- 3-methylenecyclohepta- 1,4- 
diene (M2). 
' H n. M. r. (Cd 4) : 	 6. 95-7. 50 (ms, 4H, ArH); 6. 15 (t, 
J = 5 Hz, 1H, C-.5H); 5.40, 5.85 (s s, 
2H, C-3H2); 3. 10-3.45 (m, 1H, C-7H); 
2.00-2.45 (m, 21-1, C-6H 2); 1.35 (d, 
J = 7 Hz, C-7-CH 3). 
m. s. Found, m/e: 	 250/248; 235/233; 221/219; 169 
P. 250.017624; 248.019067. C 13H 13Br requires 250.018140; 
248. 020110. 
Two other components, (M3) and (M4), decomposed on the 
preparative g. 1. c. column. They were prepared, free from com-
ponents (M5) and (M2) by refluxing heptadiene (M2) from pyrolysis 
(c; 0. 2 g) with para-toluene suiphonic acid (50 mg) for 4 h. The 
resulting product mixture (0. 5 g)contained the cycloheptatriene, (M3), 
as the major product with small quantities of cycloheptatriene, (M4), 
and uncharacterised material. When the pyrolysis product mixture, 
(e), was refluxed in carbon tetrachloride with para- toluenes uiphonic - 
acid for 1. 5 h the product mixture contained only a very small quantity 
of vinylnaphthaiene, (M5), and the cycloheptatrienes,(M3) and (M4) in 
the ratio 2:1 as the main products. Attempts to separate cyclo-
heptatrienes on alumina failed, both eluting together in light petroleum. 
However the following 1 H n. m. r. assignments can be made from the 
spectra of the mixture:- 
(i) 	1, 2-Benzo-4-bromo-3, 7-dimethylcyclohepta-1, 3, 5-triene (M3). 
'Hn.m.r. (CC!4 , with NA) 6. 90-7.40 (ms, 4H, ArH); 6.00 
(d, J = 10 Hz, 1H, C-5H); 5.30 (d of 
d, J = 10 and 6 Hz, 1H, C_6H); 
2.50-3. 00 (m, 1H, CH3Cg; 2.50 
(s, 3H, C-3_CH3); 1.70 (d, J = 
7 Hz, 3H, CHCH3). 
115 
(ii) 	1, 2-Benzo--6-bromo-3, 7-dimethylcyclohepta-1, 3, 5-triene (M4). 
1 Hn.m.r. (Cd 4 , with M3) 
	
6.90-7.40 (ArH); 6. 2 (b s, 2H, 
C-4, C-5H 2. 3 (s, 3H, CH 3 ); 
other resonances are obscured by 
those of (M3). 
10-8.8 	Decomposition of 2, 3-Benzo- 7, 7- dibromo -4, 4- dimethyl- 
bicyclo[4, 1, Ojheptene (Ni). 
Attempts to induce the decomposition of bicycloheptene, (N 1), 
on alumina by refluxing in carbon tetrachloride for 48 h gave only 
starting material in the product mixture. 
Portions of the bicycloheptene, (Ni), were pyrolysed at (a) 
350° , (b) 4000 and (c) 450
0 
 (0. 005 mm). The product mixture from 
pyrolysis (a) was recycled once at 350 ° . The resulting product 
mixtures were examined using 
I 
 H n. m. r. spectroscopy and their 























(a) 350 65 13 21 0 0 0 0 0 0 1 
(b) 400 15 15 15 26 3 0 13 2 1 8 
(c) 450 0 0 0 16 12 T6 4 39 
116. 
16 
(d) 350 54 16 17 7 0 0 5 0 0 1 
x2 
The product mixture from pyrolysis, (a), was separated on the 
preparative g. 1. c. (10% PMPE; 187 ° ). This gave two . main fractions 
as follows in order of elution:- 
(i) 	A bicomponent mixture of 1, 2-benzo-4-bromo-7, 7-dimethyl- 
cyclohepta-.1, 3, 5-triene (N2) which was not isolated but the following 
' H n. m. r. spectral assignments are suggested:- 
' H n. m. r. (GS 2) : 	 7. 00-7. 50 (m, 4H, ArH); 6. 05 
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(d, J = 11 Hz, 1H, C-5H); 5.40 (d, 
J = 11 Hz, 1H, C-6H); 1, 27 (s, 6H, 
CH3)2 	
1 
and an uncharacterised component (N3) the apparent H n. m. r. 
resonances of which, from the mixture, are 7-7. 5 (m), 6. 2 (s), 
3. 35 (s d at 1000C). These resonances could imply the presence 
of 1, 2--benzo.-6--bromo-3-methylcyclohepta-1, 3, 5-triene by comparison 
with cycloheptatrienes (K4) and (M4). 
The product mixture from pyrolysis (c) was also separated on the 
preparative scale g. 1. c. (10% PMPE; 187 0 ) to give the following compounds, 
deduced from their ' H n. m. r, spectra, in order of elution:- 
An uncharacterised component (N9) which has ' H n. m. r. resonances 
at 7. 9-8. 06 (m, IH); 7.0-7.76 (m, 6H), 2. 376 (s, 3H) and 2.46 (s, 3H). 
The ms of this component has m/e at 208/206 and 127. A suggested 
structure is 2-bromo -1, 4- dimethylnaphthalene. 
- Bromonaphthalene (N8 = B5). 
A bicomponent mixture containing norcaradiene (N7) and 
cyclohexadiene (N4). The latter component could be partially 
separated from the mixture on an alumina column, eluting slightly 
before the main bulk of the mixture in light petroleum. 
I, 2-Benzo--4-no-6-isopropenvlcyclohexa- 1, 4-diene (N4). 
' H n. m. r. (Cd 4 , with N7) : 	6.80-7.25 (m, 4H, ArH); 6.05 
(m, IH, C-5H); 4.90, 4.75 (ss, 2H, 
C=CH2); 4.15 (q, J = 4.5 Hz, 1H, C-6H); 
3.75 (m, 21-1, C-3H); 1.40 (s, 3H, CH 3). 
2, 3-Benzo-5-bromo--7, 7-dimethy1noraradiene (N7). 
' H n. m. r. (Cd 4 , with N4) : 	6.8-7. 3 (m, 4H, ArH); 6.60 
(s, 1H, C-4H); 2.2-2.4 (ms, 2H, C-1H, 
C-6H); 1. 30, 0.65 (s, 6H, C (CE 3 ) 2). 
The mixture consisting mainly of cyclohexadiene (N4) with 
a little norcaradiene (N7) was split into two parts (a) and (b). 
The mixture (a; 0. 05 g) was refluxed with para- toluenes uiphonic 
acid (50 mg) in carbon tetrachloride for 2 h to give 3-bromo-1- 
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isopropylnaphthalene 	(0. 04 g) as the major product identified 
by its 1 H n. m. r. spectrum. 
Mixture (b; 0. 05 g; 2 x 10 mol) was refluxed with ortho-
chioranil (0. 1 g; 4 x 1
4 
 mol) in benzene (25 ml) for 66 h to give 
3-bromo- 1-isopropenylnaphthalene (N5) as the major product, 
identified by comparison of its ' H n. m. r. spectrum with that of the 
compound obtained below (10. 9. 5; P. 30). 
(iv) 	A bicomponent mixture consisting of 3-bromo-1-isopropepyl- 
naphthalene (N5), and an uncharacterised component 
(N6), which has a  n. m. r. spectrum with resonances at 5. 1 and 
5.45 6 ) which are consistent with a methylenic group. 
10. 8. 9 	Decomposition of 2, 3-B enzo- 7, 7- dibromo- 1, 4, 4-tn- 
methylbicyclo{4, 1, 01heptene (P1). 
An attempt to induce decomposition of bicycloheptene (P1) 
on alumina showed only starting material after a 12 h reflux in 
carbon tetrachioride. 
Portions of the bicycloheptene, (P1), were pyolysed at (a) 
300 3  (b) 350, (c) 400 and (d) 450 °C (0. 005 mm). The product 
mixture from pyrolysis (b) was recycled four times at 350 ° C. 
Pyrolyses (c) and (d) were repeated. The compositions of the 
product mixtures, as deduced from their 1 H n. m. r. spectra, are 
tabulated below:- 
Temp P1 P2 P3 P4 
(°C)  
P5 P6 P7 P8 P9 U. M. 
(a)300 980 0 0 0 0 2 0 0 0 
(b)350 95 1 1 0 0 0 3 0 0 0 
(c)400 21 5 8 15 18 7 1 0 0 15 
450 0 14 6 21 16 9 0 6 6 23 
350 65 5 5 5 5 25 10 0 0 25 
x4 
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The product mixtures from pyrolyses (c) and (d) were 
combined and separated on the preparative scale g. 1. c. (10% PMPE; 
180 
0 	 . 	
i ) to give five fractions, as follows, n order of elution:- 
A bicomponent mixture which could be separated on the 
preparative g. 1. c. (10% PMPE; 16 5 ° ) to give, in order of elution 
an uncharacterised compound. 
'H n. m. r. (Cd 4) : 	 7. 0-8. 0 (ms, 5H, ArH); 4. 85, 5. 25 
(s s, ZH, CH 2); 2. 5, 2.1 (s s, 6H, 
CH3 , CH3 ). 
which is consistent with the resonances expected for 2-bromo-4-
isopropenyl- l-xnethylnaphthalene and 
E- 1, 2-Benzo--4-bromo- 3-methyl-6-isopropenylcyclohexa-. 1, 4-diene 
(P4). 
'H n. m. r. (Cd 4) : 	 7. 10 (s, 4H, ArM); 5. 95 (d, J = 3 Hz, 
IH, C-5H); 4.85, 4.95 (ss, 2H, CCH 2); 
.4. 10 (d of d, J = 4. 5 and 3. 0 Hz, 1H, 
C-6H); 3.60 (d of d, J = 7 and 4.5 Hz, 
11-1, C-3H); 1.45 (d, J = 7 Hz, 3H, 
C-1-CH3); 1.40 (s, 3H, C-6-CCH 3). 
m. s. Found, m/e: 	 264/262, 249/247; 183. 
P: 264. 033264. C 1415 79  Brrequires: 264.033790. 
The cyclohexadiene (P4, 70 mg) was refluxed with para-
toluenesulphonic acid (5.0 mg) in carbon tetrachloride for 4 h to give 
2-bromo-4- isopropyl- I -methylnaphthalene (P6) as the sole product. 
n. m. r. (Cd 4) : 	 7. 80-8. 05, 7. 30-7.50 (ms, 5H, ArH); 
3. 70 (septuplet, J = 7 Hz, IH, CH(CH 3 ) 2); 
2.75 (s, 3H, C-4CH3 ); 1.40 (d, J 7 Hz, 
6H, C-4(CH3 ) 2). 
A bicomponent mixture consisting of an uncharacterised 
1 
compound, (P7), whose H n. m. r. resonances (6 ) are 6. 05 (t, 
J = 15 Hz, and 5. 7, 5.8 (ss) amongst others hidden by those of (P5). 
This is consistent with a cycloheptadiene, possibly, 1, 2-benzo-4-. 
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bromo- 3, 3- dimethyl- 7-methylenecyclohepta- 1, 4-diene and a 
compound, considered to be 2, 3-benzo-5-bromo-4, 7, 7-trimethyl-
norcaradiene (P5). 
' H n. m. r. (CC 4) : 	 7.00-7.40 (m, 4H, Ar); 2.25 (s, 3H, 
C-3CH3 ); 2. 20 (s, 2H; G-1H, C-6H); 
1. 35, 0.60 (ss, 6H, exo and endo-C(CH 3 ) 2). 
m. s. Found, m/e: 	 264/262; 249/247; 222/220; 183, 168. 
This compound, (P5), can be obtained pure by separating the products 
of pyrolysis (d) on the preparative g. 1. c. as is being described. 
A tricomponent mixture of 1, 2-benzo-4-bromo-7 7 7-dimethyl-3- 
m ethyl enecyclohepta-1, 4-diene (P2), identified from the pure sample eluted 
next, 1 , 2-benzo-4-bromp-3, 7, 	 3,5-triene (p3)., 
identified by comparison with a pure sample obtained below and an 
uncharacterised component which is not present in the product 
mixtures to an observable extent. 
1, 2Benzo-4-.bromo-7. 7'inthv1-3.-methylenecyclohejDta_ L 4-dierie (P2). 
n. m. r. (C C
4'
: 	 7. 05-7. 25 (m, 4H, ArH); 6. 20 (t, 
J = 5 Hz, IH, C-5H); 5.4 5, 5.80 (ss, 
2H, C-3GH 7); 2. 25 (d, J = 5 Hz, 2H, 
G-6H2); 1.40 (s, 6H, C-7(CH 3 ) 2). 
m. s. Found: rn/e: 	 264/262; 2491'247; 183. P: 264. 033760. 
262.035693. C 14 H15Br requires: 264.033790; 262.035760. 
The heptadiene (P2; 50 mg) was refluxed with para-toluene-
suiphonic acid (50 mg) in carbon tetrachloride for 24. 5 h to give as 
the sole product 1, 2-Benzo-4-bromo-3, 7, 7-trimethylcyclohepta- 
1, 3, 5-triene (P3; 40 mg). 
' H n. m. r. (Gd 4) : 	 7. 05-7. 50 (ms, 4H, ArH); 6. 05 (d, 
J = 11 Hz, 1H, C-5H); 5.40 (d, 
J = 11 Hz, iN, G-6H); 2.50 (s, 3H, 
C-3GH3 ); 1. 35 (bs, 6H, G-7(CH3)2). 
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(v) 	A bicomponent mixture of starting material, (P1), and 
2 -Bromo-4- isopr opyl-. 1 -methylnaphthalene (P6) described above. 
The m. s. g. 1. c. facility was used to study the product 
mixture of pyrolysis (d). The results were consistent with.those 
described above for the preparative g. 1. c. , by comparison of mass 
spectra. 
A further two compounds can be obtained by alumina 
column chromatography on the products of pyrolysis (d) using light 
petroleum as eluant. These compounds elute before the other 
products and together. On the preparative scale g.1.c. (10% 
PMPE; 165 °) they can be partially separated to give:- 
An uncharacterised compound, (P8). 'H n. m.r. resonances 
(Cd 4) 5 include 7.2(bs); 5. 85 (t, J 7Hz) as one fraction, and an 
uncharacterised compound, (P9) mixed in a 1:1 ratio with compound 
(P8). 	'H n. m. r. resonances (Cd 4) 5 include 7. 0-7. 2 (m); 
5.9 (s); 2.3 (s); 1.75 (m) and 1. 0 (d, J = 7Hz) as the second fraction. 
10.8. 10 Decomposition of 2, 3-Benzo-7, 7-dibromo-4, 4-dimethyl-1-
- trideuteriornethylbicyclo[4, 1, Olheptene (PlO). 
The bicycloheptene, (PlO), was pyrolysed at 450 0C (0. 005 
mm) and the product mixture examined using ' H n. m. r. spectroscopy. 
-As for the other deuterated bicycloheptene duel to deuterium coupling 
and loss of resonances an accurate estimate of the relative quantities 
of different products was not possible. The product mixture was 
separated on the preparative g. 1. c. (10% PMPE; 184 '), the com-
pounds eluting in the same order as the undeuterated product mixture 
above. 
The major products were:- 
1, 2-Benzo-4-bromo-3-trideuteriomethyl-6-isopropenylcyclohexa-
1, 4-diene (P13); 1, 2 -Benz o-4-bromo-3-dideuteriomethylene-7, 7-
dimethylcyclohepta- 1, 4-diene (P1 1); 2, 3.-Benzo-5-bromo-4-tri- 
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deuteriomethyl-7, 7-dimethylnorcaradiene (P14); 1, 2-Benzo-4-
bromo -7, 7-dimethyl-3 -trideuteriomethyic yclohepta- 1, 3, 5 -triene 
(P12) and 2-Br omo-4-isopropyl.- 1 -trideuteriomethylnaphthalene 
(P15). 
Minor products were present and the presence of the 
following is tentatively suggested: - 2- Bromo-4-isopropenyl- 1 -tri-
deuteriomethylnaphthalene (P16). 
10.9. 1 	Decomposition of 2,3-Benzo-7, 7-dibromo-1-ethoxybicyclo- 
[4, 1, 0]heptene (Qi). 
The bicycloheptene (Q1) was decomposed on alumina by 
refluxing in carbon tetrachloride for 24 h giving 1, 2-benzo-4-bromo-
3-ethoxycyclohepta-1, 3, 5-triene (Q2) as the major product ( 80 %). 
This was separated on alumina from the other products, which were 
not characterised. The cycloheptatriene (Q2) eluted first using 5% 
ether in light petroleum. 
' H n, m. r. (C S2 ) 6 : 	 6. 95-7. 60 (ms, 4.H, ArH); 6. 05 (d, 
J = 10 Hz, 1H, C-5H); 5. 55 (d oft, 
J = 10 and 7 Hz, IH, C-6H); 3.70 
(q, J = 7 Hz, 2H, CH2CH3 ); 2. 95 (d, 
J = 7 Hz, 2H, C-7 2 ); 1. 25 (t, J = 7 Hz, 





m. s. Found, --n/e: 	 266/264; 238/236; 185; 157; 128. 
P: 266.012591; 264.014761. C 13 H 13 OBr requires: 266.013055; 
264. 015025. 
No reaction occurred when alumina deactivated by shaking 
with 5% (w/w) acetic acid was used. 
Portions of the bicycloheptene, (Q1), were pyrolysed at 
(a) 250, (b) 300, (c) 350, (d) 400 and (e) 450 0C (0. 01 mm). 	The 
compositions of the product mixtures as deduced from their 'H n. m. r. 
spectra are tabulated below:- 
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Temp 	 Qi 	Q2 	Q3 	Q4 	Q5 	U. M. 
( °c) (%) 	(%) 	(%) 	(%) 	(%) (%) 
250 29 	22 	15 	29 	0 	5 
300 22 	31 	13 	29 	0 	5 
350 0 	19 	15 	43 	3 	19 
400 0 	13 	13 	24 	24 	26 
(e)450 0 	0 	7 	27 	33 	33 
(1) 	Different glass wool density was used for pyrolyses (a) -> (e). 
1.Naphtha1dehyde (Q5) was separated from the product mixtures 
before alumina chromatography by stirring the product mixture with 
sodium metabisuiphate solution, filtering off the white crystalline 
precipitate formed and regenerating the aldehyde with 10% aqueous 
mineral acid. 
The pyrolysis product mixtures were separated on alumina 
initially using light pe troleum as eluant, then gradually increasing 
the ether content to a 50% maximum. The compounds isolated are 
as follows, in order of elution:- 
(1) 	1, Z-Benzo-6-bromo-3-ethoxycyclohepta- 1,3, 5-triene (Q3) 
' H n. m. r. (CS2 ) 6 	 7.00-7.. 65 (ms, 4H, ArH); 6. 15 (d, 
J = 6. 5 Hz, JH, C-5H); 5. 40 (d, J = 
6. 5 Hz, 1H, C-4H); 3. 90 (q, J = 7 Hz, 
2H, CH2CH3 ); 3. 35 (s, 2H, C-7H2); 1.40 
(t, J = 7 Hz, 3H, CH 2CH3 ). 
1, 2-Benzo-4-bromo-3-ethoxycyclohepta-1,3,5-triene (Q2) 
as described above. 
A compound (Q4) which is tentatively suggested to be either 
2, 3-benzo-5-bromocyclohepta-2, 4-dienecne or 2, 3-benzo-6-bromo-
cyclohepta-2, 6-diene one. 
' H n. m. r. (CC14) 5 : 	7. 00-7. 65; 7. 85-8. 10 (ms, 5H, ArH-CH); 
j.23 
2.95 (bs, 4H, CH2 CH2 ). 
m. s. Found, m/e: 
	
238/236; 210/208; 157. 
The bicycloheptene (Qi, 0. 5 g) was refluxed with sodium 
ethoxide in ethanol (10%) for 2. 5 h. The solution was neutralised 
with hydrochloric acid (10%) and the products extracted into ether 
(3 x 100 ml). The ether extracts were combined, dried and the 
solvent removed under reduced pressure leaving an oily mixture 
(0. 3 g), which contained mainly the dienone (Q4) and an uncharaç-
tensed component. The dienone (Q4) could be separated from the 
mixture of the two on alumina, it eluted first with 50% ether in light 
petroleum as eluant. 
10. 9. 2 Decomposition of 2,3-Benzo-7, 7-dibrorno-6-ethoxy-1-
methyl bicyclo[4, 1, 01heptene (RI). 
Bicycloheptene (RI, 0. 5 g) was decomposed on alumina for 24 h. 
The product mixture contained a small quantity of an unknown compound 
and 1, 2-benzo-4-bromo-5-e 4t.-hoxy-3 -methylcvclohepta- 1,3, 5-triene (R2, 
0. 39) which were separated on alumina the cycloheptatniene eluting first 
in light petroleum. 
1, 2-Benzo-4-bromo-5-ethoxy-3-methyicyclohepta- 1, 3, 5-triene (R2). 
n. m. r. (04016) 6 : 	6.90-7.40 (ms, 4H, ArH); 4. 95 (d of d, 
J = 8 and 7 Hz, lH, C-6H); 3. 55 (q, 
J = 7 Hz, 2H, CH2CH3 ); 2. 70-3. 00 (ms, 
2H, 0-7 El2), 2.45 (s, 3H, C-3CH 3 ); 
1.15 (t, J = 7Hz, 3H, CH2C}-13 ). 
m. s. Found, m/e: 	 280/278; 252/250; 199; 171; 155. 
P: 280.029332; 278. 030949. 	C 14H15 Br requires: 280. 028704; 
278. 030674. 
Pot tions of bicycloheptene (RI), were pyrolysed at (a) 300, 
(b) 350, (c) 400 and (d) 450 'C; (0. 005 mm). The recoveries from 
these pyrolyses were low (20-30%). Due to the complexity of the 
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pyrolysi s product mixtures and the number of uncharacterised 
components no accurate estimate could be made of the relative 
ratios of the products. A solid precipitated from all the product 
mixtures on washing from the receiver vessel with carbon tetra-
chloride. The ' H n. m. r. spectrum of this solid showed it to be 
4, 5 -benzo-3 -methylc yclohepta-2, 4, 6-trieneone (R3) by comparison 
with the 'H n. m. r. spectrum of an authentic sample. 
' H n. m. T. (DMSO) 6 : 	7.60-8. 10 (ms, 5H, ArH-CH); 6. 9 
(bs, 1H, C-2H); 6. 70 (d, 3 = 12. 5 Hz, 
small split 3H3 , 1H, C-7H); 2. 55 (b s, 
311, CH 3 	Irradiation of C-2H at 
3200 Hz caused'methyl resonance to 
become a sharp singlet. 
13 C n. m. r. (DMSO) 6 	187. 0 (0=0); 146. 1, 143. 1, 141.8 
(quaternary aromatic and olefinic C); 
142.3; 136.3; 135.4; 133.5;_ 130.8; 
130. 4, 130. 1 (aromatic and olefinic CH); 
26.5 (CH 3 ) 
The following products were separated on the preparative 
g. 1. C. (10% PMPE; 185 0). They are quoted in order of elution and 
where possible their structures were deduced from their ' H n. m. r. 
spectra. Some reaction products were not eluted. 
1, Z -Benz o- 4 -bromo-5-ethoxy-3_methylcyclohepta... 1, 3, 5-
triene (R2) 9 as described above. 
An uncharacterised component R4. 
'H n. m. r. (Cd 4) 6 : 	7. 10-7. 50 (ms, 4H, A r H); 6. 95 (d, 
J = 12.5 Hz, 1H, C-3H); 6. 05 (d, 3 = 
12. 5 Hz, 1H, 0-21-1); 2. 00-2. 50 (ms); 
1. 3 (d, 3 = 8 Hz, 3H, GIl3 ). 
This ' H n. m. r. spectrum suggests the possible presence of either 
4, 5-benzo-6-methylcyclohepta-2, 4-dieneone or 4, 5-.-benzo-7-brorno- 
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6 -methyic yclohepta- 2, 4-diene one. 
4, S -Benz o-3-methylcyclohepta-Z, 4-dieneone (R5). 
' H n. in. r. (Cd 4) 5 : 	7. 00-7. 50 (ms, 4H, ArH); 6. 10 (b s, 
1H, C-2H); 2.45-2.60, 2.80-3. 00 
(ms, 4H, CH2CH2 ); 2. 30 (b s, 3H, 
Cu3 ). 
4, 5-Benzo-2-bromo-3-methylcyclohepta_2, 4-dieneone (R6) 
was identified by comparison of its 'H n M. r. spectrum with that 
of an authentic sample of the compound. 
n. in. r. (Cd 4 ) 5 	 7. 10-7.40 (ms, 4H, 	H); 2. 70-3. 10 
(symmetrical m, 4H, CH2 CH2 ); 2. 45 
(s, 3H, CH3 ). 
4, 5-Benzo-3-methylcyclohepta-2, 4, 6-trieneone (R3) 
described previously. 
Other compounds were present in the product mixtures 
and attempts to separate them on alumina using light petroleum 
with increasing ether content as eluant allowed the partial separation 
of an uncharacterised component (R7) mixed with a small quantity of 
an unknown compound eluting as the first fraction. 
' H n. in. r. (R7, CC I
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 mixture ) 5 : 	6. 90-7. 40 (ms, 4H, ArH); 
3. 50 (2 x q, J = 10 and 7 Hz, 3H, CH 2CH3 ); 
2. 45, 1. 85 (ss, 6H, C-4CH 3 , C-lCH3 ); 
1. 0 (t, J = 7 Hz, 3H, CH2 CH3 ). 
This spectrum suggests the possible presence of 2-bromo-1, 4-
dimethyl- 3- ethoxynaphthalene. Later fractions contain small 
amounts (<50 mg) of unidentified materials. 
The presence of 2-ethoxy-1-vinylnaphthalene (R8) was 
inferred from the presence of vinyl and ethoxy proton resonances 
in the ' Hn. in. r. spectra of the crude product mixtures of the 350 
0 450 pyrolysis. 	 - 
1Z6 
' H n. rn. r. (Cd 4 , mixture) ; 	7. 00-8. 20 (ms, 7H, ArH, 
CHCH2 ); 5. 50-5. 80 (d of ds, J = 18, 
12 and 3 Hz, ZN, trans and cis CH 
4. 1 (q, J = 7 Hz, ZH, CH2CH3 ); 
1. 35 (t, J = 7 Hz, 3H, CH 2 CH3 ). 
1 Q9. 3 	Decomposition of 2, 3-Benzo-7, 7-dibromo- l-ethoxy-6- 
methyibicyclo[4, 1, 0heptene (Si). 
Basic alumina induced decomposition of bicycloheptene 
(Si), for 24 Ii gave three products, (52), (53) and (S8) in the ratio 
2 : 2: 1. These were separated on alumina using gradient elution 
from light petroleum to ether to give in order of elution:- 
1, Z -Benz o-4-bromo-3-ethoxy-5-methylcyclohepta- 1,3,5-
triene (S2). 
' H n. m. r. (CC! 1 6 : 	7. 40-7. 60, 7. 00-7. 35 (ms, 4H, ArH); 
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5.50 (t, J = J Hz, 1H, C-6H); 3.70 
(bq, ZN, CH2 CH3 	 2 ); 2.60-3. 0 (b s, 
ZN, C-7H); 1. 90 (s, 3H, CH 
 3 
1. 25 (t, J = 7 Hz, 31-i, CH2CH3 ). 
13 C n. m. r. (CDC 1 3 ) 6 : 	1535, 141. 1, 132. 5 , 131.3, 78.3 
(quaternary C); 129. 6, 126. 2 x 2, 
125. 8, 124. 9 (aromatic CH); 67.7 
(OCH2 ); 33. 9 (Ar-C CH 2); 22. 5 
(C-5CH3 ); 15. 2 (OCH2CH3 ). 
m. s. Found, m/e : 	 280/278; 265/263; 252/250; 237/235; 
199; 171. P: 280.028804; 278. 030949. C 14H 15OBr requires: 
280.028704; 278. 030674. 
A bicomponent mixture which was farther separated by 
preparative g. 1. c. (10% PMPE; 170 °) to give in order of elution:-
An uncharacterised component (S8). 
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' H n. m. r. (CDC1 3 ) 6 : 	7. 20-7. 50 (m, 4H, ArH), 3. 60 (q, 
J = 3 Hz, ZH CH2 ); 2. 50 (t, J = 3 Hz, 
3H, CH3 ); 2.35 (s, 3H, CH 3)- 
and 2, 3 -Benzo-6-methylcyciohepta- 2,4, 6-trieneone (S3). 
' H n. m. r. (Cd 4) 6 : 	8.25-8.45, 7.45-7.60 (ms, 4H, ArH); 
7. 05 (d, J = 12 Hz, 1H, C-3H); 6. 70 
(b s, 1H, C-7H); 6.40 (d, J = 12 Hz, 
small split J = 2Hz, 1H, C-5-1a 
2. 30 (b s, 3H, CH3 ). 
Identified by comparison of its 'H n. m. r. with that of compound (R3). 
Portions of bicycioheptene (Si) were pyrolysed at (a) 300, 
(b) 350, (c) 400 and (d) 450 0C (0. 005 mm). All pyrolyses were 
repeated and pyrolysis (b) was recycled once at 350 0. The 
recoveries were very low (5% for (c)) and due to the complexity and 
number of uncharacterised components the relative amounts of the 
products could not be estimated with any accuracy. Attempts to 
obtain some of the components pure by alumina chromatography or 
preparative g. 1. c. separation caused further decomposition. The 
following compounds, which are in order of elution, were eluted from 
- an alumina column using light petroleum/ether gradient elution and 
their presence in the crude product mixtures was confirmed by 
comparison of their ' H n. m. r. spectra with those of the crude 
mixtures: - 
An uncharacterised component (S7). 
' H n, in. r. (C 4C16 ) 6 	 7. 25-7. 80 (ins); 7. 2 (bd, 28 0 ; d, 
J = ii Hz, 90°); 6. 7 (d, J = 7 Hz); 
6. 35 (broad resonance, 280;  sharp 
900 ) .  
An uncharacterised component (S4). 
' H n. m. r. (Cd 4) 6 : 	7. 00-8. 20 (ms, ArH); 7. 00 (d, J = 
- . 	. 	.. 7.5 Hz,. 1H, CHCHCH3 ); 6. 10 (d of. q, 
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J = 3. 25, 7. 5 Hz, 1H, CHCHCH 3 ); 
2. 00 (d, J = 3. 25 Hz, 3H, CH 3 ) 
which could be an isopropeiylnaphthalene together with a smaller 
amount of unidentified product. 
2,3 -Benzo-6-methylcyclohepta-2, 4, 6-trieneone (S3) 
described above. 
2,3 -Benzo-6-methylcyclohepta--2, 6-dieneone (S5) with (S3). 
'H n. m. r. (Cd 4 , with S3) 6 : 6. 85-7. 80 (ms, 4H, ArH); 6. 05 
(bs, 1H, C-7H); 2.40-2.60, 2.90-3.10 
(ms, 4H, CH2CH2 ); 1. 95 (bs, 3H, CH 
3 ). 
The presence of -methyl-a-naphthaldehyde (S6) was inferred from 
the following resonances in the crude product mixtures of pyrolyses 
(c) and (d). 
' H n. in. r. (Cd 4) 6 	 8. 7-8. 8, 7. 0-7. 8 (ms); 2. 7 (s), 
and on attempting to separate the combined product mixtures from 
these pyrolyse s on the preparative g. 1. c. (10% PMPE; 170 °) the 
first fraction to elute was the naphthalene (S6). Later fractions 
included small amounts of products previously mentioned but 
mainly consisted of unidentified products, not present in the initial 
product mixture. 
10.9.4 	Decomposition of 2, 3-Benzo-7,7-dibromo-l-ethoxy-4- 
rnethylbicyclo[4, 1, 0heptene (TI). 
Decomposition of bicycloheptene (Ti, 2 g) on alumina for 
16 h yielded 1, 2-beno- 4-bromo-3 - ethoxy- 7-methylcyciohepta-
1,3, 5-triene (T2, 90%)  and bicycloheptene (Ti, 10 016) which were 
separated on alumina, using 5% ether in light petroleum as eluant, 
by which means the cycloheptatriene (T2) eluted first. 
1, 2-Benzo-4-bromo-3-ethoxy-7-methylcyclohepta- 1, 3, 5-triene (T2) 
'H n. in. r. (C 2 ) 5 ; 	 7. 00-7. 60 (m s, 4H, ArH); 6. 05 (d, 
129 
J = 10 Hz, 1H, C-5H); 5.25 (d of d, 
J = 10 and 6 Hz, 1H, C-7H); 3. 65, 
3. 75 (2 x q, J = 7 Hz, 2H, CH 2CH3 ); 
2. 7 (d of q, J = 7 and 6 Hz, 1H, C-7H); 
1. 5 (d, J = 7 Hz, 3H, CH 3 ); 1. 25 (t, 
H = 7 Hz, 3H, CH 2 CH3 ). 
13 C n. m. r. (ODd 3 ) 6 : 	154. 4, 143. 1, 131. 6, 110. 9 (quaternary 
C); 134.2, 130.1, 126.8, 126.2, 
125. 5, 123. 0 (olefinic, aromatic OH); 
6. 80 (OCH2CH3 ); 36. 4 (CHCH3 ); 
16. 3, 15.3 (cH3 ). 
	
m. s. Found, m/: 	 280/278; 265/263; 252/250; 237/238; 
199; 171; 170. 	P: 	280.029860; 278. 031477. C 14H 15 Br require 's: 
280. 028704; 278. 030674. 
Portions of bicycloheptene (Ti), were pyrolysed at (a) 250, 
(b) 300, (c) 350, (d) 400 and (e) 450 0C (0. 005 mm). The com-
positions of the product mixtures, 'as deduced from their ' H n. m. r. 
spectra, are tabulated below:- 	 ' 
Temp 	Ti 	T2 	T3 	T4 	T5 
( °C) 	(%) 	(%) 	(%) 	(%) 	(%) 
250 	0 	45 	45 	0 	0 	10 
300 	0 	25 	40 	10 	15 	10 
350 	0 	7 	26 	27 	30 	10 
400(1) 0 	0 	47 	16 	33 	5 
(e), 450 	0 	0 	37 	19 	.33 	11 
(1) Glass wool density was different from (a)-(c) and (e). 
Pyrolyses (c) and (d) were separated on the preparative 
g. 1. C. (10% PMPE; 160° ) to give the following fractions, in order 
of elution, their compositions being deduced from their ' H n. m. r. 
spectra:- 
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4-Methyl-. 1 -naphthaldehyde (T4) 
' H n. m. r. (CDC1 3 ) 6 : 	10. 5 (s, 1H, CHO); 9.3-9. 45, 7.4-8.2 
(ms, 6H, ArH); 2. 75 (s, 3H, CH3 ). 
rn. s. Found, m/e: 170, 141. 
A compound (T3). 
'H n. m. r. (Cd 4) 5 : 	7. 90-8. 20, 7. 53-7. 60, 	7. 10-7. 45. 
(ms, 5H, ArH, C-4H); 3. 10 (d of q, 
J = 7 and 4 Hz, 1H, CHCH3 ); 2. 85 (d 
of d, J = 4 and 5 Hz, 2H, C-6H 2 ); 
1. 3 (d, J = 7 Hz, 3H, C H3 ). 
m. s. Found, m/e; 	 252/250; 237/235; 188; 171 
This compound is tentatively suggested to be either 2, 3-benzo-5-
bromo-7-methylcyclohepta-2, 4-dieneone or 2, 3-benzo-6-bromo-4-
methyic yclohepta-. 2, 6:-dieneone. 
An uncharacterised compound (T5). 
1 H n. m. r. (CDC1 3 ) 5 : 	8. 20-8. 40, 7. 30-8. 10 (ms); 7. 25 
(d, J = 8 Hz); 6. 80 (b m) and 2. 55 
(s, 3H). 
10.9. 5 	Decomposition of 2, 3-Benzo- 7, 7-dibromo-4, 4-dimethyl- 1- 
ethoxybicyclo[4, 1, 0heptene (VI) 
Decomposition of bicycloheptene, (Vi), on alumina for 16 h 
gave starting material, uncharacterised product and 1, 2-benzo-4-
bromo-7,7-dimethyl-3-ethoxycyclohepta- 1, 3, 5-triene (V2) in the 
ratio 2:1:1. These were separated on alumina using 5% ether in 
light petroleum as eluant. In order of elution they were starting 
material, cycloheptatriene (V2) and lastly the unidentified material 
which eluted in ether.' 1, 2-benzo-4-bromo-7, 7-dimethyl-3-ethoxy-
cyclohepta-1,3,5-triene (VZ). 
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7. 60-7. 80, 7. 10-7. 45 (ms, 4H, ArH); 
6, 05 (d, J = 11 Hz, 1H, C-5H); 5. 25 
(d, J = 11 Hz, 1H, C-6H); 3. 75 (q, 
J = 7 Hz, 2H, CH2CH3 ); 1. 35 (s, t, 
J = 7 Hz, 9H (CH3 ) 2 , CH2 c}-13 ). 
154. 6 (C3); 145. 9, 131.2, 110.3 
(quaternaryc); 138. 1, 130. 4, 127. 5, 
127. 1, 125. 8, 124. 0 (aromatic, olefinic 
CH); 66. 7 (OCH2 ); 38. 4 (C-7); 25. 8 
((CH2 ) 2 ); 15.7 (OCH2CH3 ). 
m. s. Found: m/e: 	 294/292; 279/277; 266/264; 251/249. 
P: 294.043469; 292. 045990. C 14H17OBr requires: 249. 044353; 
292. 046323. 
Cycloheptatriene (V2) was pyrolysed at 400 0 (0. 005 mm). 
The product mixture, from its 'H n. m. r. spectrum, was composed 
of c ycloheptatriene, (V2), c yclohexadienone, (V3), c yclohexadiene, 
(V4), naphthalene, (V5), and norcaradiene, (V6), described below 
in the ratio 1:2:4:4:3. 
Portions of bicycloheptene, (vi), were pyrolysed at 
- (a) 300, (b) 325, (c) 350, (d) 400 and (e) 4500C (0. 005 mm). The 
compositions of the product mixtures as deduced from their 'H n. m. r. 
spectra are tabulated below:- 
Temp 	Vi 	V2 	V3 	V4 	VS 	V6 	U. M. 
( °c) (%) (%) (%) (%) (%) (%) (%) 
300 10 	60 	0 	0 	0 	0 30 
325 0 	67 	17 	0 	0 	0 10 
350 0 	73 	13 	0 	0 	0 14 
400 0 	9 	6 	19 	30 	15 32(1) 
450 0 	0 24 	19 	24 	3 30(1) 
' H n. m. r. (Cd4, 00)  6 
13 
n. m. r. (CFC13 , 16 °) 6 
(1) This figure includes -bromonaphthalene (V7—B5) the resonances 
of which are obscured by those of (V2-V6). 
The products from pyrolysis (d) were separated on the 
preparative g. 1. c. (10% PMPE; 175 0) to give the following com-
pounds, deduced from their ' H n. m. r. spectra, in order of elution: - 
-Bromonaphtha1ene (V7 -B5) described above 
E-1, Z -Benz o-4-bromo--6-isopropenylcyclohexa-1,3-diene (V4) 
' H n. m. r. (CDC1 3 ) 5 : 	6. 80-7. 30 (ms, 4H, Ax H); 6. 75 (ss, 1H, 
C-3H); 4. 75, 4.85 (bss, ZH, C(CH3 )CH 2 ); 
3. 7 (t, 3 = 8 Hz, 1H, C-6H); 2. 85 (d, 
3 = 8 Hz, 2H, C-5H2 ); 1. 7 (b s, 3H, CH3 ), 
together with a small amount of uncharacterised material. 
3- Bromo- 1 -isopropenylnaphthalene (V5 N5) 
' H n. m. r. 	(Cc ,,) 6 : 7. 30-8. 20 (ms, 6H, ArF; 	5. 05, 5.4 
(ss, 	2H, 	Cl-I 2 ); 2. 2 (s, 3H, CH 
3 ). 
13 C n. m. r. 	(CDC1 3 ) 5 : 144. 4, 	143. 4, 135. 0, 	129. 6, 	119.4 
(quaternary, 129. 0, 	127. 8, 	127.5 
126. 7, 	126. 2, 125,9 	(aromatic CH), 
116.9 (dH2 ); 	24.9 (H3 ). 
M. S. Found, 	m/e : 248/246; 	167; 152. 	P: 	248.003273; 
246.004716. C 13 H 11 Br requires 248.002491; 246.004461. 
Cyclohexadiene (V4, 0. 1 g) was refluxed withpara -toluene-
suiphonic acid (0. 05 g) for 4 h. The sole product was 3-br omo-l-
isopropylnaphthalene (V8, 0. 09 g) deduced from its 'H n. m. r. 
spectrum. 
1 H n. m. r. (Cd 4) 5 	 7.35-8. 20 (ms, 6H, Ar); 3. 70 
(septuplet, J = 7 Hz, 1H, CH(CH 3 ) 2 ); 
10 40 (d, J = 7 Hz, 6H 1 (CH3 ) 2 ). 
A 1:1 mixture (0. 9 g) of hexadiene (V4) and naphthalene 
(V5) was refluxed with ortho-chioranil (1. 0 g) in benzene (25 ml) 
for a total of 16 h, the product mixture being examined using 
n. m. r. spectroscopy after 5, 10 and 16 h. This indicated a complete 
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conversion to the naphthalene (V5, 0. 6 g). 
(iii) 	An uncharacterised compound (V3). 
' H n. m. r. (CDC 1 3 ) 6 : 	8. 00-8. 15, 7. 25-7. 75 (ms; 5H, 
ArH, C-.3H); 2. 75 (d, J = 1. 5 Hz, 
2H, CH2 ); 1. 35 (s, 6H, C(CH3 ) 2 ) 
which is tentatively suggested to be ether 2, 3-benzo-5-bromo- 
7, 7-dinethylcyclohepta-2, 4-dieneone or 2, 3-benzo-6-bromo-4, 4-
dimethylcyclohepta- 2, 6- diene one. 
The product mixture from pyrolysis (d) was separated on 
alumina using a gradient elution of light petroleum-ether. This 
gave the following products:- 
(i) 	A bicomponent mixture of cycloheptatriene (V2) and 
2, 3-Benzo-5-bromo-7,7-dimethyl-4-ethoxynorcaradiene (V6). 
n. m. r. (Cd 4) 6 : 	7. 25-7. 45, 7. 05-7. 10 (ms, 4H, 	H); 
3. 9 (q, J = 7 Hz, ZH, CH2CH3 ); 2. 15 
(b s, 2H, C-lH, C-6H); 1,4 (t, J = 
7 Hz, 3H CH2 CH3 ); 1. 3, 0. 65 (s s, 
6H, exo and endo-C(CH3 ) 2 ) 
- eluting as the first fraction, followed by the other components 
(V3-V5, 1T7) described above. 
10.10. 1 Decomposition of 2, 3-Benzo7, 7dibromo-1-peny1bicyc1o[4, 1,01-
hcptene (W1). 
Portions of the bicycloheptene (Wi), were pyrolysed at 300, 
350 and 450°C (0. 005 nirn). The compositions of the product mixtures 
as deduced from their ' H n. m. r. spectra are tabulated below:- 
Temp Wi W2 W3 W4 U. M. 
( °C) (%) (%) (%) (%) (%) 
300 25 46 25 4 0 
350 8 48 24 16 4 
(c)450 8 10 8 66 8 
13± 
Attempts to separate the components of the pyrolysis 
products on the preparative g. 1. c. (10%, 2.  5%PMP E) failed. The 
retention times being too long and the separation in adequate. The 
products from pyrolysis (b) were however separated on alumina to 
give the cycloheptatrienes (W2) and (W3), as the first fraction with 
the other components eluting later, using ether as eluant. 
(i) 	A bicomponent mixture of 1, 2-benzo-4-bromo-3-phenylcyclo- 
hepta.-1, 3, 5-triene (W2). 
' H n. m r. (Gd 4 with W3) : 	6.85-7.5 (ms, 4H, ArH);. 6. 30 (d, 
J = 10Hz, 1H, C5H); 5.80 (d of t, 
J = 10 and 7Hz, 1H, G6H); 3.15 (d, 
J = 7Hz, 2H, C7H 2) 
and 1,2-benzo-6-bromo-7-phenylcyclohepta- 1, 3, 5-triene (W3). 
' H n.m. r. (Cd 4 , with W2) : 6.85-7. 5 (ms, 4H, ArH); 6. 75 
(d, 3 = 11.5Hz, lH, C3H); 6.65 (d, 
J = 7Hz, 1H, C5 H); 5.85 (d of d, 
= 11. 5 and 7Hz, IH, C3).; 5. 25 
(b s, 1H, C7H). 
The products of pyrolysis (c) were separated on alumina, with ether 
as eluant, to give cycloheptatrienes (W2) and (W3) followed by 1- 
benzyl 1 aphthalene.. (W4; m.p. 55-57 ° ; Lit 76 58. 5°) which was 
13 
identified by comparison of its ' H and C n. m. r. spectra with those 
of an authentic sample. 
' H n. m r. (CDC 1 3) : 	7.70-8. 10, 7. 10-7.50 (ms, 12H, ArH); 
13 	
4.45 (s, 2H, CE!2). 
n.m.r. (CDC 1 3) : 	140. 6, 136. 6, .134. 0, 132.2 (quaternary C); 
128.7 x 3, 125.3 x 2, 127. 2, 127. 1, 
129. 9, 125. 8, 125.4 x 2, 124.2 (aromatic CH); 
38. 9 (C H 2). 
Decomposition of bicycloheptene (WI) on alumina for 6 h gave 
only starting material. 
10.10. 2 	Decomposition of 2, 3-Benzo-7, 7-dibromo-1-(paramethoxy- 
phenyl)-bicyclo[4, 1, .0heptene (Y 1). 
Portions of bicycloheptene, (Yl), were pyrolysed at 300, 350 
and 450°C (0. 005 mm). The compositions of the product mixtures of 
these pyrolyses as determined by their 'H n. m. r. spectra are tabulated 
below:- 
Temp Y  Y2 Y3 Y4 U. M. 
( °C) (%) (%) (%) (%) (%) 
(a)300 16 56 9 5 4 
(b) 350 5 29 19 27 20 
(c)450 0 17 9 57 17 
The components of the pyrolysis product mixtures were 
inseparable by preparative g. 1. c. A separation of 
i-(paramethoxybenzyl)-naphthalene (Y4) was obtained by alumina 
separation of the products of pyrolysis (b), with ether as eluant. 
' Hn.m, r. (CCli) : 	 7. 50-8.00, 7.10-7.40 (ms, 7H, naphth.H); 
6. 75, 6.95 (ds, J = 8.5Hz, 4H, meta and ortho 
ArH); 4.3 (bs, 2H, CH 2); 3.65 (s, 3H, OCH 3), 
m. s. Found: rn/c: 248. P: 248. 117476. C 18 H 16 0 requires: 
248. 120109 eluting after the mixture of compounds (Y2) and (Y3) which 
eluted together and their structures were deduced from the ' H n. m. r. 
of the mixture to be:- 




 with ).3) : 	6.45-7.40 (ms, ArH), 6.25 (d, 
J = 10Hz, 1H, C5H); 5.70 (d of t, J = 10 and 
7Hz, 1H C6H); 3. 75 (s, 3H, OCH 3); 3. 15 
(d, J = 7Hz, 2H, C7H 2). 
and 1, 2-Benzo-6-bromo-7-(para-methoxyphenyl)-cyclohepta- 1, 3, 5- 
triene_(Y3). 
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n. m. r. (Cd 4 , with Y2) 	6.45-7.40 (ms, ArH, C3H, C5H); 
5.80 (d of d, J = 12 and 7Hz, 1M, C4H); 
5.15 (b s, 1H, C7H); 3.75 (s, 3H, OCH 3). 
Attempted decomposition of bicycloheptené, (Yl), by para-
toluenesuiphonic acid reflux in CC14 for 16 h produced only starting 
material. 
Decomposition of bicycloheptene (Yl) on alumina for 10 h 
produced a 5% decomposition of the adduct to cycloheptatrienes (Y2) 
and (Y3). 
10.10.3 	Decomposition of 2, 3-Benzo-7, 7- dibromo- 1 -(meta- 
trifluo romethylphenyl)-bic yclo[4, 1, 01heptene (Z 1), 
Portions of the bicycloheptene (Zi) were pyrolysed at (a) 300, 
(b) 350 and (c) 450 °C (0. 005 mm). The compositions of the pyrolysis 
product mixtures as deduced from their 1 H n. m. r. spectra are 
tabulated below:- 
Temp 	Zi 	Z2 	Z3 	Z4 	U. M. 
( ° C) 	(%) 	(%) 	(%) 	(%) 	(%) 
(a)300 	64 	16 	8 	2 	10 
(b) 350 	22 	26 	17 	13 	22 
(c)450 	0 	4- 	0 	64 	32 
The product mixtures from pyrolyses (a), (b) and (c) could. 
not be separated on the preparative g. 1. c. Alumina column chromato-
graphy using ether as eluant allowed the following separations in order 
of elution. 
(i) 	A bicomponent mixture consisting of 
1, 2- Benzo-4 -bromo- 3-(meta- trifluo romethylphenyl)-cyclohepta- 1, 3, 5-
triene (Z2). 
' H n. m. r. (Cd 4 , with Z3) : 	6.80-7.60 (ms, ArH); 6. 25 (d, 
J = 10Hz, 1H, C5H); 5.80 (d of t, J = 10, 
7Hz, 1H, C6H); 3. 15 (d, J = 7Hz, 2H, 
C7H2). 
and 1, 2- Benzo- 6 -bromo - 7-(meta- trifluoromethylphenyl)-cyclohepta-. 
1, 3,5-triene (Z3). 
' H n. m. r. (Cd 4 , with Z2) : 	6.80-7.60 (ms, ArH); 6.75 (d, 
J =11Hz, 1H, C3H); 6.65 (d, J = 7Hz, 
1H, C5H); 5. 25 (bs, 1H, C7H); C4H resonance 
is obscured by those of Z2. 
1-(meta-Tri.fluo romethyib enzyl)-naphthalene (Z4), 
' H n. m .. r. (Cd 4 ) 	 7.00-8.00 (ms, ArH); 4.4 (bs, 2H, 
C H2). 
Uncharacterised material. 
10.11. 1 H n. m. r. and 13C n. m. r. Variable Temperature Studies of 
B enzo c yc loheptatr ienes. 
Benzocycloheptatriene products from the pyrolyses ofbenzo-
cycloheptenes lU-WI were studied by variable temperature. ' H 
l 
and C n. rn. r. spectroscopy. Only those compounds which could be 
purified and separated in good yield were studied, unless otherwise 
stated. Accurate temperatures for the H n. m. r. spectroscopy 
coalescence points were obtained by comparison with an ethylene glycol 
or a methanol standard, at high and low temperatures, respectively. 
Those for 13C n. m. r. spectra were found using an alcohol in glass 
thermometer. All three methods having an accuracy of + 5 ° C. 
The frequency of inversion of the cycloheptatriene ring at coalescence, 
was estimated from the equation 
kc =( if /  J2)Av 	no coupling 	 (Eq. 1) 
or 	k c =()2 +6Y2 coupling, J</v 	(Eq.2) 
where v = chemical shift difference between the two states of the nuclei, 
when the ring is not inverting ('frozen') 




The activation energy for the ring inversion process, 
G/kJmo1 
1, 
 was estimated from the equation, 
G 	-RTI(kh/K 1 n 	kT) 	 (Eq.3) 
where K ' = probability of inverting nucleus at maximum energy 
giving to either state = O 5. 
k = Boltzmann constant 1. 38 x 10 	kJK 1 
h = Plancks constant = 6. 63 x 10 37 kJs 
R 	gas constant = 8. 32 x 	kJ mol1K 1 
and 	T = coalescence temperature / °K. 
The results from the variable temperature studies are 
summarised in Table 10. 11. 
Table 10. 11 














J30) H, H d 2dofd 44.5 12.5 172 120." 0 
(1) 
J4 C 2 H, q, 	d 2q, 2d 54.0 7.0 279 125.9 
K3 H, H d 2d of d 47.5 12.8 212 127.4 
K4 H, H e Zd 33.7 14.0 189 106.8 
K5 H, H s 2d 38.6 12.6 195 109.8 
L4 H, H d 2d of d 29.0 12.7 368 70.6 
L5 3 H, C q, d 2q, 	2d 52.0 7. 2 338 122.0 
p3 C, C s 2s 56.5 - 265 125.6 
Q2 H, H d 2dofd 63.2 12.9 223 171,8 
Q3 H. H s 2d 23.5 14.5 190 94.6 
R2 H, H d Zdofd 12 10 360 60.6 
S2 H, H d 2d of d 46,5 12.8 295 124.5 
T2 H, C q, 	d 2dofq 
2d of d 
' H V2; 	C, C 	s 2s 	56.9 	- 228 	126.4 	44.8 
134 V2; 	C, C 	s 2s 	218 	- 253 	484.5 	47,2 
H 	d H. 2dofd 	38.5 	12.5 229 	110.1 	45.3 
HZ, H3 6 	H, H 	d rings did not 'freeze' out within the limits of 
N2 	 C, C 	s the low temperature facilities of the instrument 
(ca/73K 
(1) 1:1 mixture of (33) and (J4). 	(2) When C-7H CH 	was present, in the molecul 
C7CH 3 behaviour was studied. 	(3) 1:1 mixture with L4. (4) This was a 
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 C 
n. m. r. study. The others are ' H n. m. r. 	studies. 	(5) Together with (W3). 
(6) 1:1 mixture. 
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